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MCDU-8 - A COMPUTER CODE FOR THE 

NUMERICAL, CALCULATION OF ONE-DIMENSIONAL BLAST WAVE PROBLEMS 

INTRODUCTICN 

The propagation of blast waves in an inviscid fluid such as air or 
water has always been of interest, and numerous attempts have been made 
to obtain its solutions.    The vast majority of the methods used required 
that either the disturbances be weak, or that the explosions obey a given 
similarity constraint which is appropriate for "point source" explosions 
only.    The only methods which can give complete solutions with prescribed 
initial and boundary conditions are numerical methods with the aid of 
digital computers. 

Among the numerical calculations, finite difference techniques and 
the method of characteristics have been widely adopted.    For the blast 
wave prob Ion, shock wave propagation is one of the most important features. 
Therefore, the method of characteristics which allows shocks to be traced 
exactly is inherently more accurate than finite difference methods [1]. 

Although there are many research papers which use the method of 
characteristics to solve blast wave problems, most of them have made re- 
strictive approximations for simplicity.   Chou and Huang [21 use a con- 
stant time scheme in conjunction with the method of characteristics to 
solve a blast wave problem resulting from the sudden release of a highly 
compressed air sphere.    Their computer code, MCDU-7, incorporates a strong 
shock approximation. 

In this report, the numerical method and computer code of [2] are 
modified to accept any equation of state in functional form involving 
pressure, density, and specific internal energy.    A technique for handling 
the reflection of the inward traveling shock from the center of the sphere 
is also included. 

In the first section, the governing equations and their corresponding 
characteristic equations are presented followed by the shock equations. 

In the second section the general numerical procedures as well as 
details concerning the calculation of certain particular points are describ- 
ed. 

In the third section, singularities which are inherent to the blast 
wave problem are described first.    The solution for these singularities 
then follows. 



In the fourth and fifth sections two example problems are solved 
and compared to the solutions obtained from existing computer codes and 
to experimental results.    The first problem is an expansion of a high 
pressure sphere with an ideal gas as the medium.    The results are compared 
to those obtained from the characteristic code MCDU-7, which is restricted 
to an ideal gas medium.    The second calculation is for the explosion of a 
spherical charge 50/50 Tentolite  (50o6 PHrN-50?o TNT).   The solution is 
compared to those obtained by;    a. the Brinkley-Kirkwood theory [3] , 
b. another computer code [4], and c.  experimental data [S] . 

In the sixth section some conclusions which are drawn with regard to 
these comparisons are presented. 

Appendices    I and II contain an    input-output description and code 
listing respectively, 
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I.     GOVERNING EQUATIONS 

The governing equations for one-dimensional unsteady motion of an 
inviscid fluid are: 

conservation of mass, 

|^p|ätuMtfN.1)pu = o {1) 

conservation of momentum, 

9u ,        Su      Sp     n r~^ 
P   ät  +   PU   3? +  ät =  " (2) 

and conservation of energy 

where r is the Eulerian space coordinate; t is time; u is the particle 
velocity; p is the density; p is the pressure; and E is the specific in- 
ternal energy.    In these equations, N is a constant, with values 1,2, and 
3, corresponding to plane, cylindrical, and spherical waves, respectively. 
Since most equations of state are given as a relation hetween p, p and E, 
we shall use this form for the equation of state in our calculations. 

Equations (1),  (2), and (3) are a set of first order, nonlinear, 
hyperbolic partial differential equations.    Their characteristic directions 
and equations are 

along 

along 

along 

^=u+ c       ^ du +   (N-l) ^dt = 0 (4) 

g=u - c       $r- du -   (N-l) H£dt = 0 (5) 

dr 
dt = c ur' "■ p2 

dE - H   dp = 0 (6) 

where the quantity c is defined as 

=2 ■ f^E * ^  #p (7, 
V^hen shocks appear in the flow field, the material properties p, E, p 

and u are discontinuous and the above mentioned partial differential equations 
are no longer adequate to describe the motion.    A new set of equations is 
necessary to govern the propagation of these shock waves.    These equations 
are I 



P2(U-u2) = p1 (U-Uj) (8) 

p2*pl = pl fU'ul) ^u2"ul^ ^ 

1 ... ... ^  . 1_   1 
'2 '" pl 

E2-El + J ^1^  ^ " ^7 ^ = 0 f10) 

where U is the shock velocity, and the subscripts 1 and 2 refer to the states 
ahead of and behind the shock front, respectively. 

II. METHOD OF CALCULATION 

The numerical scheme used in this code is the constant time scheme uti- 
lizing the method of characteristics introduced by Hartree [6]. This scheme 
has been applied by Huang and Chou [2] for the calculation of expanding high 
pressure spheres and by Chen and Chou [1] for the calculation of wave propa- 
gation due to intensive in-depth energy deposition in a two-layered plate. 
They showed that this scheme is accurate, and can be easily adapted to 
computer calculations. 

Although the governing equations used in the present code are different 
from those used in [1], the calculation procedures for the initiation of a 
second shock and determining the properties at a regular point in the 
physical plane are the same. The starting singularity is treated "exactly" 
by first solving for the properties across the rarefaction wave and then 
solving for the properties across the shock wave while matching the pressure 
and particle velocity at the interface (contact line). The procedures used 
are quite similar to those found in [2], thus the details will not be reneat- 
ed here. 

The arrangement of this code is quite different from previous ones. 
This code consists of a main control program and calculation subroutines. 
Each subroutine is designed to perform a specified function. These subroutines 
may be classified into two groups: invariant and user specified. The invar- 
iant subroutines need never be changed regardless of the physical problem 
or materials used. For example, the subroutines for calculating the proper- 
ties at different types of points in the physical plane are common for all 
physical problems and materials. The subroutines that must be changed under 
different situations are called user specified. Each of the major subroutines 
and its function will be spelled out as follows: 

A. Invariant Subroutines 

General point subroutine (Fig. 1): Given all properties at the 
three points, II, 12 and 13 along a constant time line, this 
subroutine calculates ail pronerties at the point 4 on the 



next time line by using the three characteristics I, II, 
and III. 

4 A 4R 

Figure 1.    General Point Figure Interface Point 

Interface (contact line) subroutine (Fig. 2):    Given all proper- 
ties at the interface points 12,  13 and the neichborinp, points 
II and 14 all on a constant time line, this subroutine 
calculates the new interface points 4A, 4P on the next time 
line, matching particle velocity and pressure at both noints. 

Rarefaction wave subroutine (Fig. 7>) :    At the initial starting 
singularity or when a shock reaches a free surface and re- 
flects, a rarefaction wave occurs.    This subroutine calculates 
the properties across the rarefaction wave along a constant 
time line provided that the pressure behind the wave and all 
properties in front of the wave are given.    A parameter must 
be specified to control the number of subdivisions that each 
rarefaction wave will be broken down into.    By increasing the 
number of subdivisions we can obtain solutions as accurate as 
we wish. 

FRl-i; SURFACI; 

RARFPArnov 

si ncK 

Figure 3.    Shock Reflection From a Free Surface 
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I Shock equation subroutine: The properties behind and in front of 
a shock must satisfy the shock equations. This subroutine 
calculates all properties behind a shock given all properties 
in front of the wave and one property behind the wave. 

Shock front subroutine (Fig. 4): This subroutine calculates the 
properties behind the shock front at point 4B, provided all 
properties on the previous constant time line and one condi- 
tion behind the shock front is known. The known condition 
behind the shock may be one of the physical variables them- 
selves or may be given in the forni of a characteristic equa- 
tion. For the latter case, the characteristic grid is shown 
in Fig. 4A and Fig. 4B for right and left traveling shocks, 
respectively. 

4RJA 

SHOCK 

II 12 13 14 

Figure 4A. Shock Front Point: 
Right Traveling Shock. 

Figure 4R. Shock Front Point: 
Left Travelinp Shock. 

Rarefaction - Shock subroutine (Fig. 5): This subroutine solves 
for the initial singularity as well as various wave inter- 
actions. Tt handles two possible rases. The first case 
happens during the initial explosion (Fig, 5A) or during the 
interaction of a shock wave and a rarefaction wave (Fig. 5B). 
It consists of a shock traveling to the right and a rarefaction 
wave traveling to the left. 
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Figure 5A. Starting Singularity Figure SR. Wave Interaction Point 

The second case is quite similar and has a left traveling 
shock and a right traveling rarefaction wave as shown in 
Figs, 5C and 5D. An iteration procedure is used to match 

t, 

INT 

\ 

\ 

t , 

I\T   S 

Figure 5C,    Starting Singularity Figure SD.    Wave  Interaction Point 

the particle velocity and nressure at the interface 
(contact line). 

The time increment calculation suhroutine:    This subroutine 
calculates the time increment  for a new constant time line 
considering numerical stability and convergence.    We have 
adopted the Courant-Friedrichs-Lewy condition as the stabi- 
lity criterion [7].    It was originally derived for a simple 
wave equation; however,  it has been used very successfully 
for more complicated sets of equations  [1],  [2], and [8]. 



The point arrangement subroutine:   After all points on a constant 
time line have been completely calculated, this subroutine 
rearranges the points before proceeding with the next time 
line calculations.     It performs the following steps: 

1. Rearranges the order of points with respect to 
their position. 

2. Automatically adds or deletes points to maintain 
a relatively constant time increment. 

3. Automatically deletes those points whose particle 
paths cross the shock waves. 

4. Maintains a specified number of points in front of 
the main shock, avoiding the calculation of points 
which are net necessary. 

The shock reflection subroutine:    This subroutine calculates the 

properties at the singularity formed as a inward shock re- 
flects from the center of symmetry.    A more detailed treat- 
ment of this subroutine will be given in the next section. 

The center point subroutine:    This subroutine calculates the pro- 
perties at the singularity occurring at the center of 
symmetry by the method of extrapolation. 

Initial data subroutine:    This subroutine assigns all properties 
to all points along the first constant time line and controls 
the subroutines used to solve the starting singularity. 

R.   The User Specified Subroutines 

Free surface subroutine:    This subroutine calculates the boundary 
point of a physical problem.    It must be specified for 
different boundary conditions. 

Non-dimensional subroutine:    For various reasons, it is beneficial 
to non-dimensionalize quantities before calculation.   This 
subroutine must be adjusted for different forms of non- 
dimensional ization. 

Equation of state subroutine:    This group of subroutines specifies 
the equation of state and calculates several related quantities. 
It consists of six subroutines; EQSTCO,  FOSTFQ, EQSTRQ, EOSTPQ, 
EQSTPR, and EQSTPE which calculate the sound speed, c; internal 
energy, E; density,  p; pressure, p; and the derivatives 3p/8p 
and 9p/9E respectively.   These subroutines must all be changed 
for different equations of state.    Any functional or tabular 
relation among the density, specific internal energy and pressure 
could be used as the equation of state in this code. 



III.    SINGULARITIES 

In either the expansion of a spherical compressed pas or an explosion, 
certain mathematical singularities must be solved before the general numer- 
ical calculations can begin. If we start calculation from the instant at 
which the detonation wave reaches the explosive charge surface or at the 
moment the highly compressed gas is released, a discontinuity of properties 
exists (the so-called starting singularity). We solve for this singularity 
by using regular characteristic methods as in [2], 

At the center of symmetry, the particle velocity and radius are both 
zero.    It can be seen from the equation of continuity (1) or from the 
characteristic equations (4) and (5) that the term u/r becomes uncertain at 
this point.    This term is approximated by the derivative Su/Sr which is then 
extrapolated from the neighboring points. 

In an explosion of a spherical charge there is a shock traveling to- 
wards the center of the sphere in addition to a primary strong shock propa- 
gating outward.    This  inward shock is usually referred to as the second 
shock.    The existence of this second shock has been predicted by theory [9] , 
and by numerical calculations  [10],  [11] , and [12] .    It begins as a very 
weak compressive discontinuity which builds up as  it travels toward the 
center, the point of symmetry.    This inward traveling shock wave will have 
infinite strength (becomes singular)  as it collapses on the center. 

The behavior of the shock near the singular point has been analytically 
studied by many authors.    In [13] and  [14]   it has been shown that the relations 
between the change in Mach number, M, of the shock wave and a small change 
in the cross-sectional area, A, of the adjacent particles is given by the 
formula 

^- -      ,m 6M  (11) 
A (M    - 1)  K(M) 

where K(M)  is a slowly varying function which starts at 0.5 for a weak 
shock, M=l, and tends to 0.394 as M -> «> (for Y

=
I-4).    Considering a point 

at a specified distance from the center of symmetry, equation (11)  shows 
that the Mach number will be the same regardless of whether the shock is 
approaching or reflecting from the center.    The Mach number is defined to 
be the ratio of current shock speed to the sound speed of the undisturbed 
medium.    The sound speed of the undisturbed medium is the same for both 
reflecting and converging shocks.    Therefore, the shocV velocity of both 
the reflected and converging shock waves at any arbitrarily short distance 
from the center should have the same magnitude but be opposite in sign. 
Using this conclusion, we next present a brief description of the treat- 
ment of the shock reflection as used in this code. 



Let us assume that the numerical solutions have been calculated up 
to a time ti (see Fig. 6), the time just before the shock collapses on 
the center. Rxamining Fig. 6 we can see that the converging shock inter- 
sects time line t=ti, at r=ri. Because r1  is small, we assume that the 
shock will travel the short distance between rj and the center with 
constant speed. Therefore, the location 

t k 

^, REFLEcrnn SHOCK 

^**s** INCIDENT SHOCK 

Jl 
Fi.gure 6.    Shock Reflecting From Center of 

Cylinder or Sphere 

and the velocity of the reflected shock is known assuming that the Mach 
number of the reflected shock is the same as the incident shock.    The 
properties across the reflected shock can be calculated using the shock 
subroutine and assuming that the shock velocity is known.    After solving 
for this singular point, the solutions of all other points can be calcu- 
lated as before. 

10 



IV,    A SAMPLE PROBLEM INVOLVING Till: SUDDEN RELEASP OF A IITCHLY OOMPRESSnn 

AIR SPHERE 

To check the accuracy of this code, the problem solved in [2]  is 
solved by the present code and the results compared.    This problem in- 
volves the sudden release of a high pressure ideal  gas sphere.    Before 
releasing, the properties in the sphere are assumed to be constant with 
pressure (P/Pa) and density (p/pa) ratios with respect to the surround- 
ing condition of 100 and 1,16, respectively.    The specific heat ratio is 
assumed to be a constant, y=lA, for both media. 

This same problem has been solved by the present code and the results 
have been compared to the ones obtained from MCDU-?,   [2].    In Fig,  7, a 
comparison of the physical plane produced by both codes is presented. 
The coordinates t and X are the dimensionless coordinates for the time 
and radial distance from the center, respectively. 

C t a r 
T =  and X = - 

£ £ 

where Ca is the constant speed of sound outside the wave ::onc; 
c = [E-p/ClOxPa)] V3 is length expressing energy and pressure scaling; E-p 
is initial total energy released; and Pa is the constant pressure outside 
the wave zone.    For this sample problem with the initial radius of the 
compressed gas of 1ft  (0.3048 m), the above mentioned quantities are 

Ca = 1116.7 ft/sec (340.37 m/sec) 

Pa =14.7 psi  (1.013 x 105 N/m2) 

pa = 0.076S2 lb/ft3  (1.226    h\M3) 

Ej = 2.19 x ID6 ft-lb  (2.97 x 106 J) 

The higher shock velocities produced by MCDU-7 at earlier times de- 
monstrates the effect of the strong shock assumption used in this code. 
The large discrepancy between the results of both codes for the inward 
traveling shock is attributed   to this strong shock assumption.    Initi- 
ally, the inward traveling shock is much weaker than the outward travel- 
ing shock; therefore, the strong shock assumption will result in larger 
errors for the inward shock as can be easily seen in Fig.  8.    The 
solid line represents the results calculated by the current code and the 
dotted line those from MCDU-7.    The coordinate TT is the dimensionless 
pressure P/Pa.    It can be seen that the strength of the inward shock, S2, 

11 

Ji^xAt^ttx... 



12 

en 

ur. 

c 
o 

c: 

o 
x 

cu 

£ 
c 
TO 

Q-     • 
0) 

r—    S- 

o .c 
•i-  o 
to 00 

O) 

O 

OJ 
to 
CO 
O) 
S- 
D- 
E 
O 
o 

tu 
s- 

CD 



MCDU-8 

 MCDU-7 
T0« 0.000 

T = 0.012 

Tg« 0.030 

T3s0.06l 

T.« 0.075 4 
T5»0.086 

The Pressure Profiles for the expansion of a 
Highly Compressed Air Sphere. 
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is building while the strength of the main shock, Sj ,  is decaying as time 
increases.    Between the two shocks,  there is an interface where a discon- 
tinuity in the slope of the curve occurs.    .lust after 1=0.075, the inward 
shock reaches the center, reflects,  and propagates outward as shown in 
the curve for T=0.086.    This figure also shows that at times prior to reach- 
ing the center, the wave predicted by MCDU-7 is  faster than that predicted 
by the present code.    Again, explanation can he traced to the fact that the 
initial pressure ratio of 100 is not high enough to justify using the 
strong shock approximation. 

Because MCDU-7 cannot handle the singularity at the point where the in- 
ward shock reaches the center, there is no comparison of results after this 
time. 

V.    A SAMPLT PR0BLB1 IWOLVING A BLAST WAVE RTSirmC FROM TUT PHTONATTON 

OF A PHNTOLITF CHARGH 

The second example problem calculated by this code is a blast wave in 
air produced by the detonation of a spherical charge of Pentolite.    The 
blast calculations are started at the instant the detonation wave reaches 
the surface of the spherical charge.    We assume that the resulting gaseous 
products of the deton.-ition have reached a fixed composition as we start the 
calculation. 

The Abel equation of state [14]   is used for the explosive products 

where T is temperature, R is the universal gas constant, N is the number of 
moles of gas   per unit mass and a is the "co-volume" of the gases.    For this 
problem, the gaseous products of the solid explosive   will be characterized 
by an ideal gas equation of state  (eo.  12 with a=0).    The equation of state 
can be written in the familiar form p = I;P(Y-1). The constant specific 
heat ratio of the explosive gas, YI »   is calculated from the properties at 
the detonation wave front at the instant it reaches the charge surface.    The 
value of Yi  used in this problem is 2.485.    The medium surrounding the 
explosion is assuned to be air obeying an ideal gas equation of state with a 
constant specific heat ratio, y2, of 1.4. 

The data concerning the conditions when the detonation wave front reaches 
the charge surface are obtained from  [5],    The properties of the surrounding    t 
air are taken as standard condition at sea level, i.e., p3 = 1 atm  (1.013 x 10' 
K/m2), pa = 1.293 x 10'3 gm/OT3  (1.293   kg/m3l. 

14 



For convenience, we uon-dimensionlize all variables before calcula- 
tion.    The dimensionless variables used for this exairiple are listed as 
follows: 

n        » P 
=   L 

p   C   2' Mo o 
E = r = 1 r^ 

{i = y_,    a = L. ,   t = 
t c 

All variables with a "bar" on the top represent dimensionless quantities. 
The reference quantities used are p0 = 2.58841 x 10

5 atm (2.6227 x 1010 

N/m2), and p0 = 1 gm/cm
3 (1.0 x 1(P kg /m3), E0 = 4.217 x 10

3 cal/gm 
(1.767 x 107 J/kg) and co = 8.0726 x 10

3 m/sec. The quantity r0 repre- 
sents the charge radius. 

The wave front is shown in a physical plane plot in Fig. 9. The 
coordinates are dimensionless time, t, and radius, f. A second shock with 
zero initial strength is initiated at the tail of the rarefaction wave 
very early in the calculations. Although the second shock grows in strength 
and propagates inward with respect to the explosive gas, the large particle 
velocity of the gas causes the shock to pronagate away from the center when 
viewed with respect to a fixed coordinate system. Consequentlv, both shocks 
in Fig. 9 are propagating outward. 

The relation between dimensionless velocity and the radius is presented 
in Fig. 10. It can be seen that during the early stages, the peak value of 
the particle velocity is high and concentrated within a very narrow region. 
This explains why in the early stages the kinetic energy is a small fraction 
of the total energy. As the wave propagates, the contribution of the 
kinetic energy increases and the potential energy or internal energy de- 
creases. The two discontinuities in the velocity profile in Fig. 10 
show: the location of the two shocks. It also can be seen that the second 
shock propagates away from the main shock front as time increases. 
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t| « 0.0512 

T2 • 0.6270 

tj « 1.8700 

T4 = 3.8830 

Figure 10     Velocity Profiles for the Pentolite Blast 
Wave Problem. 
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Figure 11 shows the relation betv\   .-a dinensionless density and radius. 
At any instant there are three discontinuities in the density curves.    Two 
of them t.re discontinuities across the shock fronts, the third is a dis- 
continuity across the interface. 

A plot of the dimensionless pressure distribution with respect to the 
radius is shown in Fig. 12.    (For this figure and Fig. 13, pressure has 
been non-dimensionalized with respect to atmospheric conditions,  i.e., 
P=P/Pa).    Initially, when the detonation wave reaches the charge surface, 
the pressure is very high; approximately a quarter million atmospheres. 
Immediately,  a shock wave forms followed by a rarefaction wave.    The pressure 
at the shock front drops to 720 atmospheres.    In a very short time, a 
compression zone appears at the tail of the rarefaction wave and another 
shock forms  (the so-called second shock or inward shock).    Although the 
strength of the second shock is growing fast and it is traveling to the 
left with respect to the particle velocity in front of it, the absolute 
velocity of the shock carried by the explosive pas still propagates outward. 
As time goes on, the second shock becomes stronger while the back pressure 
becomes lower and it starts propagating away from the main shock front. 
Hventually, the inward snock will turn toward the center in the physical 
plane. 

Finally, we compared our results to those obtained from an existing 
code  [4], Kirkwood-Brinkley theory [3]  and experimental data [5].    From 
Fig.  13, it is seen that for early times our code gives more favorable re- 
sults in comparison to the experimental data than others.    Por the longer 
time solution, our results do not compare favorably with the experimental 
data.    We obtained a pressure ratio across the main front shock which is 
higher than the experimental data.    This may be the results of using a 
constant specific heat ratio in our calculations. 

The computer code MCDU-8 has been run on both the IBM 360/7.S and 
the Burrough R5500 computers.    The first sample problem, took approximately 
20 minutes on the IBM computer for all results shown in Figs. 7 and 8 with 
98 points on the first time line.    The second sample problem, took 80 
minutes on IBM and 400 minutes on Burrough for all data shown in Figs.  9   - 
13.    We assigned 368 points on the first time line for this problem. 
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Fiqure 11  Density Profiles for the Pentolite Blast 
Wave Problem. 
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IICV 

t2« 0.4000 

f3« 1.5220 

t4« 3.5135 

t5« 7.3877 

Figure 12     Pressure Profiles for the Pentolite Blast 
Wave Problem. 
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A   KIRKWOOD-BRINKLEY THEORY 

©    SHEAR'S CALCULATION 

+   EXPERIMENTAL DATA 

  MCDU-8 

CM 
I 
O 

IIO- 

Figure 13     The comparisons of pressure ratio at the main 
shock front with the results obtained by other 
existing code, Brinkley-Kirkwood theory, and 
experimental data. 
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VI.    SUNMARY AND CnNQJISinNS 

A one-dimensional computer code, MCI)lJ-8 has been developed to study 
the problem of a plane, spherical or cylindrical blast wave traveling 
through an inviscid fluid.    This program uses a constant time scheme in 
conjunction with the method of characteristics to solve for the flow field 
in regions where the properties behave continuously and uses the Rankine- 
Ifngoniot relations to treat shock waves.    To demonstrate the capabilities 
of the code, two sample problems have been calculated. 

The first sample problem treats the rapid expansion of a highly 
compressed (100 atmospheres') air sphere.    The calculations begin when the 
air is released and extend past the point where the secondary shock wave 
reflects from the center of the sphere.    The results of this calculation 
are compared to those of a similar characteristic code, MCIXI-7 [2] which 
utilizes a strong shock approximation instead of the more exact Rankinc- 
llugoniot relations.    This comparison shows that the error in peak pressure 
introduced by using the strong shock approximation is between 5 and 10 
percent at a distance from the center of about 2.S times the original 
radius of the compressed gas.    Hue to the limitations of MCJXI-7, we were 
not able to compare the two codes after the secondary shock reached the 
center of the sphere. 

The second sample problem treats the flow field produced by the 
detonation of a spherical charge of Pentolite,    Like the previous problem, 
the calculations begin when the detonation wave reaches the surface of 
the explosive.    The results of this calculation are compared to those 
obtained from Kirlavood-Brink ley theory [3], experimental data [5], .and a 
computer code developed at BRL [4].    This comparison shows that during the 
early stages of computation, MCnU-8 produces results that are in closer 
agreement to the experimental data than the two other means of calculation. 
It has been concluded that if one is only interested in the main shock- 
front,  then the Kirkwood-Rrinkley theory is adequate.    However,  if detailed 
information concerning the entire flow field is of interest then, the 
present code will give a more complete analysis than other available 
methods. 

It  is hoped that  in the future we will be able to extend MCDII-S to 
include the actual detonation calculations thus handling the complete 
explosion problem. 
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APPENDIX I  - COmrTER POPE DESCRIPTION 

A. GENERAL DESCRIPTION OF MCni-8 

MCDU-8 is written in single precision FORTRAN IV.    It is designed to 
numerically solve the equations goveminp a spherical blast wave, by using 
a constant time step iteration scheme in conjunction with the method of 
characteristics. 

The blast wave problem consists of a sphere of highly compressed gas 
(designated region one) surrounded by another gaseous area (designated re- 
gion two) which is relatively lower in pressure. 

MCDU-8 input data begins with a card, termed the  'option* card, on 
which the user selects the job options applicable to the type of problem 
the user wishes to run.    MCDU-8 is best utilized by running a problem to 
completion in a series of small computer runs rather than all at once.    The 
option card provides an easy method for doing this.    After reviewing the 
output from any particular computer run, the user has three options: 

1) The problem may be carried out to a larger time using 
the same time step as was used in the previous run; 

2) the problem may be carried out to a larger time using 
a different time step or, 

3) the same run may be repeated using a different time step. 

The first two options give the user control over the rapidity with which 
MCITU-8 calculates a solution while the third option allows the user to improve 
the accuracy of any particular run. 

B. INSTALLATION DEPENDED FEATURES 

MCDU-8 utilizes two data files which must be made available to the pro- 
gram. The opening of data files and the devices on which they are stored, for 
example, tape and disk, is a function of the job control language and the faci- 
lities available at any particular installation. The user should insure that 
the two files have the following characteristics: 

1) The files must have the unit numbers one (1) and two (2); 
2) they must have a physical record size of at least five (5) words; 
3) a minimum record length of 2010 records (10,050 words) and, 
4) all I/O is unfoimated and performed serially (random access is 

NOT used). 

C. OPTION CARD 

MCDU-8 always requires at least one card of input, termed the  'option' 
card, on which the user specifies what actions the program is to take in 
solving a problem.    This card is always the first card of the input deck. 
The six variables initialized by this card are listed in Table 1 for refer- 
ence.    Examples of the option card's uses are given in later sections. 
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TARLIi 1    OPTION CARD VARIABLES 

VARIABLE COLUMNS FORMAT DESCRIPTION 

ISTART 1-2 12 = -1 (Continue the problem with car 
input). 

= 0 (Start a new problem with card 
input). 

1 (Continue the problem with file 
one input). 

2 (Rerun previous run with file 
two input). 

I PI INCH 

101 IMP 4-6 

II 

13 

=    0  (No punched output). 

=   1  (Punch out the last calculated 
time line.    These cards arc used 
with ISTART =-1 to continue a 
problem), 

(Calculated time lines are periodic- 
ally stored on file one for safe keep- 
ing.  13 specifies how many lines are 
to be calculated before a line is 
dumped onto  file one). 

IDT II =    0  (No new time  step). 

= 1 (New time step is to be specified 
in columns 8 through 22). 

DT2 

TMAX 

!-7? 

23-37 

EIS.8 (New time step to be used if IITr=l1, 

El5.8 (Problem time to which MCDII-8 is to 
calculate a solution). 

2b 



D.    DEFINING A NEW PROBLEM 

Figure 14 illustrates the cards needed to define a new problem. 
Besides the option card, six additional input cards are required. 

The first card in Fig.  14 is the option card.    A new problem is 
signaled by setting ISTART=0.    IPUNCH has been set equal to one.    Ifpon 
completion of a computer run, the final time line mil be punched out. 
The user need only include an option card at the beginning of these 
punched cards with ISTART=-1 in order to continue a run.    IDUMP has a 
value of three, thus every third time line calculated will be dunped 
onto file one.    When an option card is encountered with ISTART=1, the 
last time line dumped onto file one will be read and used to continue a 
problem. 

When a problem is first defined, a singularity exists at the inter- 
face between regions one and two because of the difference in pressure. 
MCDU-8 has the ability to pick its own time step.    The user may specify 
a time step by setting  IDT=1 and placing the time step in columns 8 
through 22.    Accidently specifying too large a time step may cause 
serious difficulties with the program logic.    As in example 2 , it is 
usually good policy to let MCDÜ-8 calculate the time step and to run 
the problem out several time lines until the rarefaction wave occurring 
at the singularity becomes "smeared" through out region    one.    This is 
done by setting 1171=0.    Notice that TMAX has been set equal to fifty 
microseconds. 

Card two contains the initial time step to be used to calculate the 
properties about the singularity.   This consists of a shock travelling 
into the region two and a rarefaction wave with velocity towards the 
center of region one.    For good results, a time step should be chosen so 
that after the calculation of the initial singularity about the interface, 
the head of the rarefaction wave has traveled approximately three percent 
or less of the distance from the interface to the center of region one. 
In this region, the shock strength is assumed constant and properties 
remain constant along characteristic directions.    Following these assump- 
tions, the code assigns mesh points at locations where the characteristics 
eminating from the singularity cross the first time line.    The code then 
uses stability criterion to determine the time increment to the next time 
line.    Format is E15.8. 

Card three supplies the specific heat ratios  (GAMMA) of the two 
regions.    In the example given, these values are both 1.4.    Format is 
2E15.8. 

Card four lists the dimensions of the data supplied to the program. 
This is only a programming convenience for the user and will label the 
output for documentation purposes.    If this card is left blank, no labeling 
will result (see Table 2). 
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TABLE 2 - CARD 4 - OUTPUT LABEL 

QUANTITY EXAMPLE COLUMNS 

Time Seconds 1-10 
Particle Velocity- Ft/Sec 11-20 
Sound Speed Ft/Sec 21-30 
Pressure Lb/Ft**2 31-40 
Mass Density Slug/Ft**3 41-50 
Specific Energy Ft-Lb/Slug 51-60 
Length Ft 61-70 

Card five defines the physical properties or region one: pressure 
(PI1), particle velocity  (Uli)  and density (RH11).    In the example of 
Fig.  14, pressure is equal to 2.1168 105 lb/ft2, particle velocity is 
zero, and density is 2.7739 10"3 slugs/ft3.    Format is 3E15.8. 

Card six contains the physical properties of region two. Pressure 
(PI2) in Fig. 14 is 2.1168 103 Ib/ftS particle velocity (UI2) is zero, 
and density (RHI2)  is 2.3913 10"3 slugs/ft3.    Format is 3E15.8. 

Card seven contains three values.    The first value supplied on this 
card,  (IN), specifies the number of subdivisions the initial rarefaction 
wave is to be divided into for calculation purposes.    In the example of 
Fig. 14, IN is set equal to nine.    Ideally, the distribution of pressures 
from the first point in the rarefaction wave to the last point should be 
smooth and free from large jumps.    Only experience can determine what 
value of IN will give a reasonable solution to a problem.    Theoretically, 
we can make the solution as accurate as we wish by choosing large values 
of IN.    Practically, IN should never exceed twenty-nine as MCDU-S can 
only handle up to this many subdivisions without enlarging the storage 
allocation.    Format is 12. 

The second value supplied on this card,  (XZ), is the initial radius 
of the sphere.    Format El5.8. 

The third value supplied on this card is the pressure jump toler- 
ance,  (PTOL).    PTOL specifies what fractional percent pressure rise per 
unit distance must be present between two points before a shock wave will 
be initiated.    MCDU-8 has the capability to initiate one left traveling 
shock wave.    In Fig.  14, this has a value of 4 which is equivalent to a 
4000 percent pressure jump per foot.    This value appears to yield satis- 
factory results for this problem.    This value may need to be adjusted to 
suit a particular problem.    Format is H15.8. 
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E. RESTARTING FROM FILE ONE 

The IDUMP variable on the option card specifies how many time lines 
arc to be calculated between dumps on file one. If IDUMP is set equal 
to zero, no time lines will be dumped. Each new time line dumped on file 
one replaces the previous one. If after a run, the user decides to carry 
calculations out to .n greater time, the user need only to read in an op- 
tion card with ISTART::1. The last line dumped will be read off of file 
one and calculations i\ill proceed from there. 

By setting IDT=1, the user may also change the time step by supplying 
the new time step in columns eight through twenty-two on the option card. 
In the example of Fig. 15, a restart fro file one has been called for 
fISTART=l), no punched output is requested (IPIMH=0), every time line will 
be dumped (IDUMP=1), anew time step is called for (inT=l, 1712=1.0 lO"6 

seconds), and the problem will be calculated out to a time of 100 micro- 
seconds (TMAX: 100.0 10"6 seconds). 

An added feature of the file one restart is if a job terminates ab- 
normally (such as running out of computer time) and the program was not 
executing I/O with file one (causing parts of two different time lines to 
he saved) the user may restart the problem as explained above and MCDU-S 
will proceed from the point of termination. 

F. RESTARTING FROM FILE WO 

Whenever a new job is begun, the very first time line calculated is 
dumped onto file two. A user may repeat the same run over as many times 
as desired by simply reading in an option card with ISTART=2. (See Fig. 16) 
by changing the time step and comparing the results with earlier runs, the 
convergence of the problem to an accurate solution can be checked. In the 
example of Fig. 16, the time step has been set to one-half microsecond. 

Remember that i^enever a new run is started, the first time line of 
the run replaces the first time line of the old run. 

G. RESTARTING FROM PUNCHED OUTPUT 

If several problems must be run on MCDU-i concurrently, it becomes 
impractical to provide disk or tape restart capabilities for every problem. 
MCDU-S can remember time lines for only one problem at a time.    By setting 
IPUNCH=1 on the option card, the last time line calculated at the end of a 
run will be punched out.    One need only place an option card with ISTART=] 
at the beginning of this punched output deck, being careful to preserve the 
order of the cards, in order to continue calculations from the end of the 
previous run of that problem.    All of the other features of the option card 
are still available to the user of MCDU-8.     (See Fig. 17). 
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ii.   SAMPLI; amw 

Figures 18 thru 23 present samnle output  for MCrXJ-8.    The  infonnat ion 
is completely labeled and should be self explanatory. 
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FILF 
F1LF 

V05 
906 
9()7 

906 

909 

91Ü 
911 
913 

914 
9?ir 

MAI 
UBLA 
2-BLA 
CQMMQ 

1000)* 
CüHHO 
CQMHQ 
COMMO 

1*012 
COMMO 
CQMMQ 
ClJMMQ 
CQMMQ 
CQMMQ 
CQMMQ 
CllMMQ 
FQHMA 
FORMA 
FQHMA 
FQHMA 
FORMA 

FORMA 

FQRMA 

(1H *" 
llH *•• 
(1H .'' 
FQRMA 

tlH *•' 
FQRMA 

(IH ." 
FQRMA 

FORMA 

FQRMA 

UHO*" 
14X»,,E 
FQRMA 

FQRMA 

»1H *w 

4lH i" 

N PROGRAM FQK BLA^T WAVE* 
STA/ME?367*UNlT«0lSK»BL0CKlNG«30. 
STR/ME?367*UNlT«0lSK»BL0CKlNG«30» 
N/GAIN/ 0(2*1000)*X(2*1000)*U( 2*1 

E(2*1000)»P(2»1000) 
N/TIMUU/ OT* UUl* UU2» I*XMU 
N/NQCQN/ IS1* IS?* IS3* IS«. INTI 
N /INIT/ PIl.UIl.KHll.EIliCIl.OIl 

RECüRO-b 
RECQRD.b 
000)*C(2*1000)*RH(?>1 

* INT2* IMAX 
*PI2»UI2*RHI?,EI?.C1? 

9?ö 

9?9 

930 
931 

912 
933 

(IH *" 
^RH"* 
FQRMA 

IP«* 
FQRMA 
1HQCK" 
FQRMA 

FQRMA 

1SHÜCK 
FQRMA 

FQRMA 

N / R 
N/[)TT 
N/NOI 
N/SHK 
N/GAM 
N/C0N 
N/NNE 
T(I5* 
T(IH 
T(1H 
T(lHl 
T(5E1 
T(161 
TC1HÜ 
(T)TI 
(OT)! 
( THAX 
T(1H0 
GAMMA 
T(1H0 
(ÜU2) 
T(T57 
T(IH 
TCIHI 
POINT 
'•) 
TC1H 
T(1HI 
TIME 
TIME 
LINE 

13X 
TUHl 

13X 
TllH 
) 
T(1H 
TUH 
") 
TCIH 
TCIHI 

EFb / 
S/ ÜT 
M/TT. 
1/ EP 
/GAMM 
/TCÜN 
WM/KS 
3E15» 
.Aü(/ 
.60(/ 
*»'LAS 
5.Ö) 
•>) 
*"NÜN 
ME OF 
IME I 
)MAXI 
*"(iAM 
FÜR 
."(UU 
RIGHT 
*H*T 

»«PRO 
NÜ. 

TREF*T 
T 
TTMAX.X*Z»TMAX 

(2) 
*DT2.P 
HOCH.K 
6) 

TUL 
TtLG*I0T 

,H i»,7('f*«),6C,,MCDU8»0L 
,i. ••,7(,'«,,)»6(,,MC0U8»NE 
T TIME »-INE WILL BE PUN 

0 PROBLEM "),7("*'')) ) 
M PROBLEM «)*7C»"))) 
CMED") 

-OIMEN 
THE I 

NCREME 
MUM RU 
MA FOR 
REGION 
DLEFT 
TRAVE 

1.I5*E 
I4*T1* 
PERTIE 
" *7X. 

SlQNA 
NiTlA 
Nf TQ 
N TIM 
«EGI 
fwo 
TRA 

LlNG 
li>.fl) 
15,El 
S OF 
"XH, i 

L INPUT 
L TIME 
THE FI 

E 
ON ONE 
•S1PE15 
VELING 
SHOCK V 

5.8) 
THE INI 
4X."U", 

DATA 
LINE 
RST T IME LINE 

-.IPElb.rt/ 
W.1PE15,«/ 
••.IPtl1).«) 

"»IPEIS.Ö/ 
.8) 
SHOCK 
ELOCI 

VELOCITY ".IPEIS.H/ 
TY W

,1PE15.M) 

TIAL TIME LINE"/ 
14X."C"*UX»nPw.l3X."RM".l 

.3X.M.3X.6(iPEl,).8)) 
»6in   MCDUfl.TlME LlNE"»lM)/ 
OF THIS LINE 

INCREMENT TO PREVIOUS TIME L 

REGION POINT".7X»"X".UX*
,
'U
W 

»••£") 
."LINE REGION PQINT••.7x*,♦X,•* 
^RH^UX^E") 
*"TME NEXT TWQ POINTS DEFINE 

*"THE 
.•♦THE 

NEXT 
NEXT 

TWQ 
TWO 

POINTS 
POINTS 

DEFINE 
DEFINE 

".IPEl'j.ö/ 
INE ".IPElSiB/ 
*l4X*"C,,*14X»',P,,.laX. 

14X*"U••*14X.,♦C,,.H)'•,, 

THE LEFT TRAVELING S 

THE INTERFACE'*) 
THE RIüHT TRAVELING 

.I4*1X*I6*1X*I5»6(1PE15*8)) 

.6üt/*l2(M E^D^CDUÖ''))) 
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93«   FüRHAT(lHl»"PUNCHED 
935 roRMAT(T57»I«»n»3El 
936 FOHMATCr^HiTl^lS 
938 FnRMAK» THIS CARD T 

Ux") 
939 FORMATCIH »T57»U»T2 
940 FQRMATCIH »T57»14»T2 
941 FüRMAT(///lH .IÜX."T 

1H 
5(/ 
1H 
*•(/ 
IH 
1H 
IH 
1H0 
IHO 
IH 
IH 
IH 
IH 
IH 

OUTPUT OF THE LAST TIME LINE") 
9.0) 
) 
a CONTAIN ISTART.IPUNCH^OUMP.IOT.OT.TM 

»aLl9i8) 
.7lS) 
I ML ( T )". 2X »••••• #30X»"*,,»2X»" INTERFACE"/ 

läx.w*•*n»2bx»•,♦ 
IH   ,19X."*,•»30X#••*,,)/ 
19X."*     REGION   1W.IS2»••*     REGION   2••» 
IH   im.^'SBOX.••*")/ 

r / 

19X,••*"»30X#,,*,,» 
l9X.63(''*n)»'' 01 
80X,•♦•••//// 
"TITLE ABBREVIAT 
"X -DISTANCE FRO 
"U -PARTICLE VEL 
"C -SOUNÜ SPEED* 
"P •PRESSUR£,,/ 
"HH-HATEHIAL DEN 

-  , ."t -SPECIFIC ENE 
942 FuHMAT(lH0»''(UU2)RlG 
943 FQRMAT(I2.Il»I3»Il»2 
944 FORMATCIH   »"(UUl)LEF 
V46   FoRMAT(////lH   »"CIST 

("(IPUNCH)   ".IJ/IH   . 
CClDUMP   ) 
("(lÜT        ) 
l"(OT ) 
("(TMAX      ) 

TKEF   m   10. 
XMU  »   3. 
IREF   >   I 
I   ■   I 
L   «   I 
KOUMP«0 
HEAD   9<»3.ISTAHT»IPUN 
IFdSTART.LT.DGOTQ 
PRINT 902 
PRINT 941 
PRINT 946»ISTART.IPU 
CALL KEAOO(ISTART) 
CALL DUHP(2) 
GO TO Ö054 

I CONTINUE 
1F(ISTART.LT.ü)G0 TO 

PRINT 903 
PRINT 941 
PRINT 946»ISTART.IPU 

29^,••*••/ 
STANCE   FROM   THE   CENTEK   POINT   (X)"/ 

lO^S"/ 
M THE CENTER POINT-/ 
OClTY*/ 
/ 

SITYV 
RGT") 
HT   SHUCK   VELOCITY   «»1HE15.8) 
El^.8) 
T   !>HOCK   VELOCITY^IPEIS.S) 
AR' )   ".n/lH   » 

••,13/lH   * 
••»I3/IM   » 
"»IPEIS.B/ 
*»1PE15.8) 

IH 

CH»I0UMP.IDT»0T2»TMAX 
1 

NCrt»IDUMP.IDT»0T2»TMAX 

NCH.IÜUMP»IDT»DT2»TMAX 
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E 

it 

ISl-4 
IS2«4 
CALL INIOAT 
KTELG-l 
KSHOCK«! 
CALL 0UMP(2) 
bO TO Ö053 

2 CONTINUE 
HRINT 902 
HRINT 941 
PRINT 946»ISTART.IPUNC«»IDUMP.IÜT»0T2»TMAX 
HEAD 9ÜS.T.DT.TC0N 
TMAX«TMAX/TCUN 
IF{IDT.FO,1)DT«ÜT2/TCO'>' 
REAÜ 90S.ÜAMM(l).(iÄMM(^) 
HEAD 90S»UU1»UU2 
HEAÜ 906,ISl»lS2»lS3.ia4.IMAX 
KEAU 90fr,INTl.lNT2.KTE'.G.KSHOCK 
HHINT 907.T»ÜT»IMAX 
PRINT 908.GAMM(l)#GAMMi?) 
PRINT 909»uui»uu? 
PRINT 913 
00 3 J-l.IMAX 

KEAU 90S.X(1,J)»U(1, J)»C(1»J) 
KEAU 90«)»P{1»J)»KH(1,JJ,E{1.J) 
U( 1*J}>O.Ü 
PRINT 9l4,J.X(l.J)»U(l»J)»C(l.J).P(l»J)»RH(l.J)»t(l.J) 

3 CONTINUE 
KEAU 9ü1,I.PTüL 

CALL üUMP(2) 

öüM CONTINUE 

TNEW«UT 
5 CONTINUE 

IRKSHUCK.EO.DGQ TO 8U 
1F(UUI,GT,0,U)QU TO flO 
lF(ISl.LE.3»Urt.UT«UUl*Ä(l#lSl)«LT.X(l»3))ün TU ö 

HU CONTINUE 
CALL PTARNG 
Ü0 TO 6 

Ö CONTINUE 
EP - 0.01 
CALL KEFLSKCl) 
IREF - 2 
TREE « T 
T • T ♦ OT 
CALL SHFPT(?»ISJ-2#IS3"1.IS3.IS4.IS«*1»IS'»*2.UU?) 
GO TO 12 

6 CONTINUE 
T.T+DT 
TNEW ■ (IT 
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c 
c 
c 
c 

TEP • T..21S 
lF(K!>HQCK.r«.2J (iO TO 6501 
IS^P2«? 

ÜÜ 6500 J«HNTl-2 

PHEbSUNE SLOPE TEST 
TEST«(P(l»J*l)-PCl»J))^(P(l»J)*(X(l»J*l)-X(l»J))) 
IFCTEST.LT.pTüDGÜ   Tn   6500 

,; 

lF((Ull,j)-C(l»J))«LE.^U(l»J*l)-C(l»J*n))GO   TO   6500 
lSl«J 
PHINT   6502.IS1 

6502 foRMATUH   »"A   SHOCK   Wl^-L   BE   INSERTED   AT   PüINT   NUMBER   ".15) 
IS2»ISUI 
CALL ^MITCHC isui.i.i»^) 
1NTI«1NT1*1 

INT2«1NT2*1 

1S3«IS3*1 
Is^-isa+i 
EP«. lMP(l,lSU2)-P(lMSl))/P(l»ISn 
CALL SHOKINCI.2*I.ISI) 
«SHUCK«? 
bU TO 6S01 

6500  CUNT1NUE 
(5501  CONTINUE 

IFCKSHOCK.EU.I) GO TO 6504 
CALL SHFPr(l.ISl-2.ISl-l.ISl.lS2.IS2*l.IS2*2.UUl) 
IF(P(2.IS2).LE.PC2»ISl>)KSH0CK»l 
iF(KSH0CK.Eo.2) GO TO ^001 
PRINT 6503 

6503 FORMATCIH ."ÜüE TO DEC^Y IN PRESSUHE«THE INSERTED SHOCK HAS 
1 BEEN REMÜVEU") 
CALL SWITCH(IS2*1.-I.l»2) 
iNtl-lNTl-l 
INT2-1NT2-1 
IS3-IS3-1 
IS««IS«-l 
ISIM 
IS2-4 

4001 CONTINUE 
IS1M2 «151-2 
DO 10 K ■ 2. IS1M2 

10 CALL bNPTCl. K-l. K. K*l» 3) 
IF(UU1 ,GE. 0.) KO ■ ? 
IF(UU1 »LT. 0.) KQ ■ 3 
KQ « J 
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12 

15 

6504 

1U 

n 

*0 

H2 

a5 
öOSJ 

CALL G^PT(1»ISI-1»IS1»IS1*1»3) 
IS2*i» IS2*2» KÖ) 

TO 21 

3) 
INT2# 

TO 32 

CALL GNPTd, IS1-2. IS^-l» IS1» 
IF(IS2 ♦ 1 .LQ. INTI) <*n   Td 21 
IFCUUl .Gt« U.) KU ■ 3 
IFCUUI .LT. ü.) KU ■ 1 
Kü ■ J 
1F(KSHÜCK«E0.1) 
CALL üNPTCI» IS2* 

CONTINUE 
IS2P2 ■ IS2 ♦ 2 
CONTINUE 

INTIMI « INTI - i 
IF(IS2P2 .GT. INTIMI ) GO 
DO 20 K ■ 182^2» INTIMI 
CALL GNPTCI» K-I» K# K*I» 

CALL INTFPT(INTI-I. iN'l» 
1S3M2 « IbJ • 2 
1NT2P1 ■ INT2 ♦ l 
IF CINT2P1 .üT, IS3M? >   GO 
UO 3» K ■ INT2PI» IS3M2 

CALL üNPT (?»K-I.K#K*I»3) 
IF(UU2 ,GE. 0.) KU • ? 
IF(UU2 .LT« U.) KU > 3 
KQ ■ J 
CALL UNPT(2# IS3-2» IS^-l, 
IF t UU2 .GF. 0. ) KO » 3 
IF ( UU? .LT. Ot ) KQ a 1 
CALL SHFPT(?»IS3-2.IS3M. 

KO ■ 3 
CALL ÜNPT (?.lS4»IS«*l»ISa*2»KQ) 
IS4P2 * IS'« ♦ ? 
iMAXMi ■ IMAX - 1 
ÜQ 40 K ■ IS«P2» IMAXMi 
CALL ÜNPT(2. K-l. K# K*l. 3) 
1F(T ,tü. THEF) GU TO '♦? 
CALL CENTPTd. 1» 2. 3> 
CONTINUE 
CALL ADnPTS(Ü) 
I « I ♦ I 
UO 45 J a 1, IMAX 
X ( 1 » J ) « X ( 2» J ) 
P TI # J ) « P ( 2 # J ) 
U(1, JJ • U(2» J) 
HH(1. J) » RH(2» J) 

KÖ) 

INT2+1) 

I.S3»   KU) 

IS3#ISä#lS'»*l#IS4*2#Uu2) 

£(1* 
C( 1* 
UC2» 
U( 1« 

J) 
J) 
J) 
J) 

E(2. 
C{2. 
0. 
U(2i 

J) 
J) 

J) 
CONTINUE 
TEMPsUT 
IF(I,£ü,l)TEMP«T 
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KDUMP-KDUMP*» 
IFCKOUMP.NE.IOUMP)QO   T^   120 
CALL   DUHPd) 
KDUMP-0 

1?0   CONTINUE 
PRINT   927.I»I.I»I»I»I»]»TEMP 
KCÜUNT-0 
00   950   J«1»IHAX 
KCOUNT«KCOUNT*I 

II-l 
lF(J.6E.lNT2)II-2 
IF(J.tQ.ISl.ANÜ.KSH0CK»E0.2 '   PHINT   929 
IFCJ.EQ.INTDPRINT   930 

PRINT   932»l!n.J.X(l.J>.U(l.J)»CCl»JJ.P{l.J)»«H(X.J).E(l.J) 
IF(KCUUNT.NE.55)GÜ   TO   ^50 
KCOÜNT-0 
PRINT   928 

9S0   CONTINUE 
PRINT   942»UU2 

iFCKSHOCK.Ett.l)   üO   TO   945 
PRINT 944»üUI 

9aS   CONTINUE 
1F(T.GT.TMAX)GQ TO 50 
IFCI.EQ.DGO TO 805« 
GO TO 5 

SO CONTINUE 
IF(IPUNCH.Eü«0)GÜ TO 961 

9«S5 CONTINUE 
II«! 

PRINT 934 
1-1 
PUNCH 933 
PRINT 938 
I«2 
PUNCH 935»I»T»0T»TC0N 
PRINT 939»I»T»DT»TC0N 
I«3 
PUNCH 935»I»ttAMM(l).GAMM(2) 
PRINT 939.I»GAMM(l).GAMM(2) 
I>4 
PUNCH 935*I*UU1*UU2 
PRINT 939.I.UU1.UU2 
1-5 
PUNCH 936»I.ISI»IS2»IS3,IS4»IMAX 
PRINT 940.I.IS1.IS2.IS^»IS4»IMAX 
U6 
PUN 
PRI 
00 960 J«1*IMAX 

PUNCH 936»I»INTI#INT2.KTELG»KSH0CK 
PRINT 940.1.lNTl.INT2.KTEL6»KSH0CK 
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1.1*1 
PUNCH 
PRINT 
UI + 1 
PUNCH 
PRINT 

VAÜ CONTINUE 
UU1 
PUNCH 910» 
PRINT «MI, 

S»6l CONTINUE 
PRINT 933 

ftü CONTINUE 
STUP 

END 

93S»I.X(2,J)#U(?»J)»C(?»J) 
939»I,X(2»J)»U(2'J)»C(?»J) 

9 3S.I»P(2.J),RH(^.J).E(2»J) 
939»I*P(2*J)*RH(^»J)»E(2*J) 

I.II.PTUL 
I.II»PTUL 

SuBRUUTjNt   OUMH(N) 
CUMMON/ÜAIN/U(2»1ÜOO).X(2#IOOÜ).U(2.1ÜOÜ)»C(?»1Ü()Ü),HM(2,10 

100) .E(2»l00ü).P(?.l000) 
COMMUN/HEFL/THEf.T 
C0MMUN/TIMUU/ÜT»UU1.UU^»I#XMU 
C0MHUN/NnC0N/ISl»IS2.lS3.IS4.INTl»INT2.IMAX 
C[)MHl3N/NUlH/TT.TTrtAX»XÄZ»THAX 
C0MM0N/GAM/GAMM{2) 
C0MMUN/CnN/TCUN,DT2 
COMMUN/NNEww/KSMCJCK.KTt-LG^IDT 
KEWlNU   N 
^RlTt(N)T.nT»TCUN 
WHITE(N)ÜAMMI n#GAMM(?J 
WRITE(N)UU1,UÜ2 
WRITE(N)ISI,IS2»IS3.IS'*.IMAX 
WRlTt(N)INTl»lNT2»KTEL«.KSHQCK 
00   95UÜ   J«l#IMAX 
WR1TE(N)X( 1,J).U(1.J),'-(1.J) 
WRlTE(N)P(l.J).rtH(l,j)»E(l.J) 

SCJOü CONTINUE 

WRITECN)!»PTUL 
KEW1N0 N 
RETURN 
END 

SUHROOTINE REAOU(N) 
CljMMON/GAlN/Ü(2»lOOO),X(2.1000)»0(2#lÜOO).C(?»lOOO).Rn(^. 10 
100)    .E(?»lü0ü)»P(?.l00O) 
CUMMON/REEL/TREF.T 
C0MM0N/TIMUU/UT»ÜU1,UU^.I.XMU 
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COMMON/NOCON/ISI#IS2»I*3»IS4.INTI.INT2.IMAX 
CGMM0N/ND1M/TT»TTMAX#X*Z»TMAX 
CüMM0N/GAM/GAMM(2) 
COMM0N/C0N/T60N.DT2»PTüL 
COMMüN/NNEWW/KSHüCK»KTELQ»IDT 

90/   FoHMATdHO.'NON-OlMENSiONAL   INPUT   DATA-/ 
(IH   #"(T)TIME   OF   THE   INITIAL   TIME   LINE 
UH   .-CDT)TlMt   INCREMENT   TO   THE   FIRST   TIME   LINE 
(IH   »••(TMAX)MAXIMUM   RUN   TIME 

yOH   FORMAT(1HO»»»ÜAMMA   FOR   HEGION   UNE   ••»IPE15I8/ 

tiH ."GAMMA FOH HEGIUN UO -.iPEis.a)       riftrtTw _ ,Drii. M/ 
FQRMATdHO.-tUUULEFT     TRAVELING   SHOCK   VELOCITY   ".   PElS.fl/ 

(IH   ."(UU2)f<iaHT   TRAVELiNQ   SHOCK   VELOCITY   "»^t^.S) 
FQRMATCIHI.-PHOPEHTIES   OF   THE   INITIAL   TIME  LINE"/ 

"»IPE15.8/ 
".IPElSiö/ 
••.IPE15.8) 

V09 

91 J 
(IH0»"P0INT 
l4X»,,E,,) 

NU, 
,7X."*"»14X.,'U",UX»,,C".UX."P,,»13X.,'RH"(1 

JUMP   TOLERANCE   ♦•»IPEl'it») 

I 

91M FQKMAKlH » 3X» H » 3X»6( iPE I5i8) ) 
9?5 FUHMAT(1H0»'«(HTUL)SHQCK PRESSURE 

HEWINÜ N 
HEAD tN)T.DT»TCÜN 
TMAX«TMAX/TCUN 
IFCIDT.EQ.nüT«üT2/TC0N 
HEAU (N)GAMMtl)»GAMM(?J 
REAU (N)UÜl,UU2 
READ (N)ISI.IS2»IS3.IS'«.IMAX 
HEAU (N)INn»lNT2»KTELu,KSH0CK 
PRINT 907»T*0T»TMAX 
PRINT 908»GAMM(l)»GAMMl2) 
PRINT 909.UUUUU? 
PRINT 913 
Ul) 9500 J«1»IMAX 
HEAD (N)X(l#J)«U(l.J).^(l»J) 
HEAD (NJP(1#J)»HH(UJ)*E< 1»J1 

PRINT 9H»J.XCl» J).UU»J) »C(l» J)»P(l»J) »«Hd. J).E(l.J) 

950Ü CONTINUE 
HEAD (NH»PTQL 
PRINT 925.PTUL 
REWIND N 
RETURN 
END 

■ 
CuS^N/rAIN/T^loOO).X{2.1000).0(2.1000).C(2.1000).RH(?.l 

1000). L(2»l0üO)»P(?»lO00) 
COMMON/TIHIIU/   OT.   UUl.   UU2.   I»   XMU 
cnMMnN/NOCnN/   ISl»   IS2'    IS3.   IS4.   INT1.   INT2.    IMAX 
cSZN/7!i5?/PIWUli;RHll.EIUCn.Ull.PI2.U12.RH12.EI?.ei?.0 
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112 
CQMHON/SINPT/ PI» UI. 
COMMON / OTTS / f)TT 

ÖOO FüHMAH"  AOL) POINTS T" 
602 FORMATUH » 12* IX* U» 

ISPECaIMAX-1 
IS4P1 • IS4 ♦ 1 
IMAX ■ IS4 ♦ 10 
IF(ABS(DT) «LT* O.OOOl 

IF ( 1 .EQ. 1) UX ■ 0T^CI2 
IF(I,E0.1) ÜX«0T/C(2»1SPEC)*50* 

lF(I.üE,2)OX«üTT/C(2*li>PEC)*,50. 
IF( 1 .GE. ?) DX « DTT^CI2 

S   OX-2.0 
00 10 J * ISMfl' IMAX 

10 

«HI* UF. XZ* PF» IR1. IR2 

THE REGION RIGHT 
3X* 6(E15.8» 2X}* 

) GO TO 5 

TO MAIN 
" ADDED 

SHOCK") 
PTS") 

X(2* J) 
P(2»J)i 

U(2»J) 
H2»J). 
Ci2»J)i 

« X(2* J-U 
.HC2.ISPEC) 
iU(2»ISPEC) 
iECP.lSPLC) 

1C(2#1SPLC) 

♦ Ux 

RH(2. J)«HH(2»Ii>PEC) 
0(2*J}«Q(2*ISPEC) 

CONTINUE 
KtTUHN 
END 

FUNCTION ADT (M»N) 
COMMON/GAIN/ U(2*1000)'X(211 000)»U(2 *IOQO).C(2. 10üO)*KH( ?»1 

1000)»    t(?#IOÜO).P(?»10ÜO) 
COMMON /T1MUU/ üT»UUl»yu2»I. XMU 

loi FORMAT CIH ."OT IS NEG
A
TIVE

,,
»2(5X.I3)) 

KA ■ 0*99 
OX ■ X(l»M) - X(1»N) 
AT ■ ÜX/(C(1»M) t Cd»1^)) ♦ ?.0*RA 
IF ( AT ,LE. 0.) PRINT 101»M.N 
ADT ■ AT 
RETURN 
END 

SUURUUTINE ASIGPT 
TO ASIGN PTS FOR THE INITIAL LINE» FOR MSR ■ 1 CASE 

COMMON/GAIN/ U(2»1000)'X(2»1000}*U(2*1000),C( 2. 1000). KHt?.1 
1000)»    E(?*1000)»P(2M000) 
COMMON/RAWAV/ XR(30)»U^( 30)»CRC 30)»RHK(30)»ER( 30).PR( 30).HH 
1P(30) 
COMMON /C1AND2/ PFl»UF1 *RHFI.EFI•CFI.OF 1 »PF2»UF2»RHF?.EF?,C 

sn 
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c 
c 
c 
c 

1F2*QF2* 
COMMON 
12.QI2 
COMMON/ 
COMMON/ 
COMMON/ 
COMMON/ 
INI ■ 

HOG FORMAT 
16X»"RH" 

sol FORMAT 
M()2 FORMAT 
öiü rnRMAT( 

1* 
2S2,,) 

Oil FoRMATC 
l«w» 14» 

öi2 FORMAT 
It* READ 
CALCUL 

ÜTl » Ü 
ISHOK « 
IRIP ■ 
1R2P ■ 
iHl'i   * 
Oil b   N» 

b X( 1* N) 
UO 10 M 
N.M-l 

DTI« AÜ 
10 CONTINU 

XIR2 ■ 
AVOT ■ 
CALCUL 
RARLF 

Nl « X( 
PRINT tt 

äi6 FORMAT( 
"CIl« 

S £13.6* 
IR1 • N 
IR2 * I 
UO 15 N 
X( 1» N) 
PC 1» N) 
U( 1, N) 
PRINT 8 

XF.XS 
/ INlT/ PII»UII»RHI1»FII#CI1.0II»PI?.UI2»RHT?»EI2.CI 

NOCON/ IS1» IS?* IS3» Ib4» INTI» lNT2* IMAX 
SINPT/ PI» UI» «HI» UF» X7» PF» IR1» IR2 
TIMUU/ DT» ÜU1» UU2» I» XMU 
CHKI/ EP 
FIRST PT IN RAMAVCI  IR2 ■ LAST PT IN RAMAVE 
(1H »IXi^I"»*   J"»10X»',X''»17X»',U,,»16X»,'C,,.16X»WPM»1 

.16X.,'E,'»10X»''LM) 
(1H »I2»1X»I4»3X»6(E1'>*6»2X)»I2) 
(1H »9X."0  « "»E15»8) 
"  INITIAL DATA BEING READ IN AND ARRANGED IN OROFH" 

/. w  SECOND äHOCK ALSO BEEN INSERTED AT ISl AND I 

ISl 
/» " 

Ö17 FORHATC 

"» U. "  IS2 •,,. U» "  IS3 ■"» U. m     Isa 
INTI ■••» U, "  INT2 «"» U» "  IMAX a"» M) 

(IHO.'' END OF INITIAL DATA ARRANGEMENT FOR BLAST WAV 
Y FOR STARTING CALCULATION") 
ATE AVERAGE OT ^N THE RAREFACTION FAN 
* 
I 

IRl 
IR2 
IR2 - IRl 
IRl»IH2 
■ XRtN) 

«?»IR2 

T ( M»N) ♦ DTI 
E 
1H2 - IRl 
DTl/xlK? 
ATE DX ANÜ VARIABLES RETHEEN CENTER LINE AND 
ACTION WA 

1»    IRl)/CCIl*AVUT) 
16»IR1»IH2»0TI»^VDT»CI1*X(1»IR1)»N1 
////»',IRlaM»I3."lR2«n»I3»',0Tl«,,»El3.6.ttAVDT«,,»El3.ft. 
•». 
••   X(l.IRl)«"»E1^.6»'«Nl«n»U) 
1 + 1 
Rl   ♦   IR12 
■IRl.IK? 
■ XR( IR1P ♦ N - IRl) 
» PR( 1R1P ♦ N - IRl) 
M   URt      IR1P*N-AR1) 

17.N»X(1.N)»P{1»N)»U(1»N) 

1H   .«N»"»l4»"X(l»N)«"»E13.6»,,P(l.N)«,Stl3.6»"U(l. 
E1J.6 

I I 
* 

51 



HH«(  IR1P*N-IK1) 
ER(  1R1P*N-IR1) 
CRC   IKlPtN-lRl) 
0. 

♦ DX 

C    ») 
HH(l» N) 
E(l* N) 
C(l* H) 

15 U(1* N) 
XNl • Nl 
ÜX • X(1»IR1)/XNl 
X(l«n*0. 
IR1M1 » IRl - 1 
UP 20 Na2»IRlMl 
X( 1»N)«X( 1»N-1 ) 

90   CONTINUE 
Uli Z1) N.l.IHlMl 
H( 1#N> s ru 
U( UN) m   UI 1 
HM(l.N) > RHl1 
U 1»N) « Ell 
C( UN) m   CI1 
U(1*N} a Uli 

?S CONTINUE 
C   -   INSLRT SHOCK 
C     EP « U. 
C     CALL SHOKIN ( 1» 
C     ÜU TO 27 
C      EP * (P(1.IR2-1) 
C     CALL SH0K1N( 1 > 1* 

?7   CONTINUE 
C      COMPUTE 

N2 *   CXF 
XN2 « N? 
IF (N2 .1 
ÜX ■ (XF 

C     iNTl « IS2 ♦ 
INTlaIR2*N? 

INT2 a INTl ♦ 1 
INTIMI a INTl " 

C      IS2P1 a IS2 ♦ 1 
IR2P1 a IK? ♦ 1 
KING e 1 

C     OU iü N a IS2P1» 
N a 1H2P1 

?« iFdSMUK .NE. KINÜ) 
NMl ■ N - 1 

C   -   INSERT SHOCK AT 
C     EP a ü. 
c   CALL üHOKINCI • 2» 

EP   a   0.001 
?9 CONTINUE 

X( 1»N)    a    X( 1*N*1 } 
P(l»    N)    a   PKl 

AT   PT    I«?, 

2»   3.   I«2   ) 

P(1»IR2))/P( I.IR2) 
1.   I«?) 

0.1 

UX   AND   VARIAHLfS   HETwEEN   RAwAVE   TAIL 
- XH(lW2P))/(CFl*AVnr) 

E.    1    )   tiü   TO   J2 
- XK( IK2P))/x*? 

N2 

1 

Tl)   INTFPT 

INTlMi 

GO TO 2^ 

PQIN^ NMl, 

3»   N^l ) 

♦   OX 
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30 

32 

15 

U(l. N) ■ UFl 
HH(l» N) ■ RMFl 
E(l» M) ■ EFl 
C(l» N) • CFl 
Uli* N) • OFl 
KIN(i ■ KING ♦ I 
IFCN .EO« INTIMI) GO TU 3< 

N ■ N ♦ 1 
(»0 TO 28 
CONTINUE 
GO TO 35 
INTI ■ IS2 ♦ I 
INT2 ■ INTI ♦ I 
COMPUTE ÜX AND VARIAHi-ES 

CONTINUE 
X(l.INTl) ■ XF 

PlUlNTl) « Pfl 
U(UINTl) ■ UFl 
HHC1#INT1) • HHFl 

BETWEEN INTFPT AND SHOCKFPT 

E(1»INT1) ■ EF1 
C(1»1NT1) • CFl 
QtUlNTl ) ■ Uf 1 
XCUINT?) ■ XF 
P(UINT?J« PF2 
U(1#INT2) ■ UF2 
HHll»INT2) ■ «HF2 
E{l»INT? ) ■ Er2 
C(1#INT2) ■ CF2 
ä(l»lNT?) « öF2 
N3 » CXS -XF) /(CF2*AVUT) 

XN3 « N3 
IF (NJ.LE. 1) GU TO 4? 
ÜX • CXS - XF)/XN3 

IS3 • INT2 ♦ N3 
ISA ■ IS3 ♦ 1 
INT2PI ■ INT2 ♦ I 
1S3MI - IS3 - I 
[)0 40 N«INT?PI»IS3M1 

XlUN ) • X(1»N-1) ♦ D^ 
P{1»N) a PF? 
Ull»N) a UF2 
KH(l»N) a RHF2 
E(1»N) a EF? 
C(l»N) a CF2 
Q(1»N) a 0F2 
CONTINUE 
GO TO 45 
153 a INTI ♦ I 
154 a IS3 ♦ i 

ft5 CONTINUE 

40 

42 
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SÜ 

X(UI 
P(l»l 
U(1»I 

Hi,l 
C(i»I 
U(1»I 
X(W1 

ea#i 
U(1»I 
KH (1 
E(l»I 
C(1»I 
U(1*I 
AUU 

IS4P1 
1M4X 
DX ■ 
Ul) 50 
X( 1#N 
P(1»N 
U(1,N 
HHd» 
HUH 
C(UN 
U( UN 
CüNTI 
UT « 
L » l 
1 » l 
HfTUR 
ifiO 

S3) 
S3) 
S3) 
IS3) 
S3)« 
S3) 
S3) 
S4) 
S4) 
S4) 
»Isa 
S«) 
S4) 
S4) 
PÜIN 
■ I 

» IS 
CI? 
N a 

) a 
) a 
) a 
H) a 

) a 
) a 
) a 
NUE 
AVOT 

PF2 
UF2 

a HHF2 
EF2 

« CF2 
■ 0F2 
■ XS 
■ Pi2 
■ Ul2 
) * HH12 
■ EI2 
■ C12 
• UI2 
TS   IN   KEGlflN   ■ 
sa  ♦   1 
4   +   10 
* AVüT 

IS4PI#IMAX 
X(l#N-l) ♦ DX 
PI? 
UI? 
RHI2 

El? 
CI? 
UI? 

(lü   PTS) 

SUBHOUTINE   CALCUT 
CnMMUH/GAlN/   ö(2.I 000 ) •X(2»1ÜÜO).U( 2»1000),C(2»100C).^H ( 

1000). E(?»lOUO)#P(?»lOüO) 
tOMMÜN   /NUCnn/    ISI»IS?»IS3.IS4»INT1»INT2»IMAX 
CüMMQN/TlMUU/   OT.    UUl»   UU2»    I»XMU 

C    100   FQKMAT    (1H    .IÜX»,,üT      a   «,   E1S. 8) 
SMDI   «   100. 
IFCINTI   .EO.   0)   ÜU   TO   ^6 
00   10   K   a   P.iSl 
XADT    a    AOT(K»K-l) 

10   IF   (XAUT   .LT.   SMUT)   SMUJ   a   XADT 
IS2P1    a    IS?    ♦    1 
DO   15   K   a    IS2P1.INT1 
XAUI    a   AOT    (K.K-1) 

15   IF   (XADT   .LT.   SHOT)   SMUJ   a   XAUT 

?. 1 
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70 

?5 

?b 

?7 
76 

INT2P1 . INT2 ♦ 1 
00 20 K • INT2PI.IS3 
XADT ■ ADT (K.K-l) 

IF (XADT .LT. SMUT) SMUT • XADT 
IS4P1 ■ IS« ♦ 1 
00 25 K ■ IS<IP1»IMAX 
XADT ■ A0T(K»K-1) 
IF (XADT tLT. SMOT) SM^T > XADT 
ÜO TO 28 
OU 27   K«2»IMAX 
XADT« AOTCK.K-l) 
1F( XADT .LT. SHOT) SMÜT-XAOT 
CONTINUE 
ÜT ■ SMnT 
PRINT 100»DT 
RETURN 
END 

loo 
101 

C 102 
Uüoü 
c 

SUBROUTINE CENTPT(L» iii 12. 13) 
COMMON/GAIN/ Q(2 * 1000)'X( 2« 1000)•U(2*1000) »CC2*1000)»RH( ?* 1 
lUQO),    E(2*1000)*P(2M000) 
CQMMON/TIMUU/ DT. UU1. UU2» I» XMU 
FORMATCIH . 12. IX. 14» 3X. 6(E15.8» 2X)» I2»m     CENTER") 
FoRMATdlX» " NOT CONVERGE") 
FORMATCIH .••  CHECK PRiNT    K«    ••♦13) 
FüRMAT(fiX. " XA.W» IQX. ««UA"» 10X. "PA'S 10X* "RHA". 9X. 

••EA"»/, 
1  1H . 5E11.«) 
XINPCVl. ÜV. DX» ÜY) ■ VI ♦ DV*DY/DX 
LIM ■ 30 
TOL ■ ü,000«5 
TOLI « l.E-10 
K ■ 1 

DEFINE VARIABLES* 
U3 •   Ü. 
X3 ■ 0. 
U(l* U) » 0. 
X (2*11) » 0.0 
U« ■ U(?. I?) 
U5 ■ U{2. 13) 
ÜX2 ■ X(2, 12) 
ÜX3 ■ X(2. li)   - 
UX3 ■ (U«*DX3**2 
Pi • PCI. H) 
HHl ■ RH(D ID 
Cl ■ CD. 11) 
Ul « 0« 
El ■ ED. ID 

X(2. il) 
X(2. M) 
- U,5*UX2**2)/<ÜX2*ÜX3*(0X3 - 0X2)) 
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10 

?l 
72 

U0 

til ■ 
P2 • 
KH2 ■ 
C2 - 
U2 • 
03 - 
0X1 « 
ÜU1 ■ 
URH1 

ÜC1 ■ 
DEI ■ 
ÜPI ■ 
Dol • 

ASS 
PA ■ 
HHA « 
CA * 
UA ■ 
t3 « 
C3 ■ 
KH3 ■ 
?!   « 

BEG 
CONTI 
UMC3A 
XA * 
UA ■ 
CA • 
tA ■ 
HA ■ 
HHA « 
UA « 
WHCjA 
UCX3A 
PE3 ■ 
PEA « 
PRCÜ3 
PK13 
U13 * 
P3P« 
E3P« 
KH3P« 
C3P» 
IF (A 
if (A 
IF (A 
IF (A 
CQNTI 
KB K* 
P3« ( 

0(1» 
Pd. 
RHCl 

C(l» 
UC1, 
0(1* 
X(l. 
U(l* 

■ HH( 
C( 1* 
Ed» 
p(l. 
0( I. 

UME P 
(Pi ♦ 
CRHl 

(Cl ♦ 
U2 
El 
C2 
RHl 

Pi 
INNIN 
NUE 
= (U 
-ÜMC3 
XlNP( 
XlNP( 
XlNPC 
XlNPC 
F.OST 

XlNP( 
■ (H 
■ (U 
EQST 
EoST 

A m   ( 
■ (PI 
(01 

PA-UA 
EU P 
EOST 

EQSTC 
8S((P 
bS((E 
BS((H 
dS((C 
NUE 
1 
P3 + P3 

ID 
I?) 
»   12) 
12) 
I?) 
12) 
I«) 
12) 

1»   12 
12) 
12) 
12) 
12) 

RUPER 
P2)/ 
♦   KH 
C2)/ 

- x(i, in 
- ud. in 
) - RH(1» in 
- cd» in 
- t(i» in 
- p(i» in 
- u( i» in 
TIES   AT   POINTS 
2. 
2)/2. 
2. 

G   OF   ITERATIV 

3   ♦   U 
A*üT 
Ul »   n 
Cl*   U 
El»   0 
Pi»   U 
HQ(L» 
01»   0 
H3*C3 
A*CA/ 
PEIL» 
PEIL* 
PE3*U 
/(HH1 
* 03) 
♦ RHC3 
Rli*( 
R0( L 
0 (L* 
3P-P3 
3P-E3 
H3P-R 
3P-C3 

A   -   C3 CA)/2» 

Ul» DX1» XA) 
Cl» 0X1' XA) 
El» 0X1« XA) 
PI»   0X1»   XA) 

EA»    PA) 
Ul»   ÜX1'   XA) 
♦   RHA*CA)/2I 

XA   ♦    UX3*C3)/?. 
E3»    HH3) 
EA»    PA) 

3/(RH3*l-3)   ♦   PEA*0A/(RHA«CA))/2. 
**2)   ♦   H3/(RH3**2))/2. 
/2. 
A*(-tXM^-l,)   ♦UCX3A+PRC03A)   •RHC3A*nT 
RH3-RH1)*   013*UT 
»E3P»P3P) 
E3P»RM3r'»P3P) 
)/P3)-   TnL)?l»2l*40 
)/E3)-   l0L)22»22»«0 
H3)/RH3)   -   T(]L)23»23.aü 
)/C3)-   lOL)   50»50.'»ü 

P)/2. 
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c 
c 
c 

E3« (E3»E3P)/2. 
RH3« (RH3»RM3P)/2. 
C3» (C3*C3P>/2. 
PRINT 2000* XA* UA* PA* RHA» EA 
PRINT lOO»I»U»XU,in»U3»C3.P3»RM3»E3»L 
PRINT IO?»K 

TO 45 GO IF(K.LT«LIM) 
PRINT 101 
(iQ TO 50 

«5 CONTINUE 
GO TO 10 

so CONTINUE 
X(2» in ■ u. 
U(2« in « o* 
C(2» ID • C3P 
KH(2» II) ■ RH3P 
£(2# U) 
P(2» ID 
RETURN 
END 

E3P 
P3P 

FUNCTION EOSTCQCL. E. «H» P) 
COMMON/GAM/GAMMm 

10l FoRMATdHO»"  RH•,• »E^•a»"  P«,,»E15«b} 
1F(RH .LT.O.) PMINT 10l»RH»P 
IF(H .LT. 0«) PRINT 10l»RH.P 
GO TO (10.?0)*L 

10 CONTINUE 
FUNCTION Til CALCULATE SPEED OF SOUND 

GAHMAaGAMH( 1 ) 
C?«GAMMA*P/RH 
IF ( C2 «LE. 0 ) C2« "C2 

EOSTCU s SQRT(C2) 
HETURN 

70   CONTINUE 
GAHHA«GAMM(?) 
C2«ÜAMMA*P/RH 
IF { C? .LE. 0 ) 02« "C2 

E0STCU«SQRT(C2) 
RETURN 
END 

FUNCTION EQSTEOCL. 
CüMM0N/GAM/GAMM(2) 
GO TO (10*20)*L 

1U CONTINUE 

RH. P) 
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üAMMAaQAHM(l) 
toSTEQ   ■   P/{((iAMMA   -    lO*HH) 
KETURN 

?0   CONTINUE 
UAMMA«GAMM(?) 

EOSTEU«P/((GAMMA-1,0)*«H) 
HETURN 
END 

FUNCTION EOSTHO (L»E»P> 

COMMüN/GAM/(iAMM(2} 
üü   TO   (10,2ü)#L 

10 CONTINUE 
FUNCTION Tfl CALCULATE DENSITY 

üAMHA«(JAMM( 1) 
EQSTRö«H/((GAMMM-l.ü)*t-) 
RETURN 

70   CONTINUE 
(JAMMA«GAMM{?) 

EOSTRg«p/(( GAMMA-1,0)*»-) 
METURN 
LND 

EKUM Eu. STATE 

^UNCTION EOSTPE(L.E#HHJ 
COMMON/GAM/GAMM(i>) 
üU TU C10»20)»L 
FUNCTION T(l CAL. DERIVATIVE 

10 CONTINUE 
ÜAMMA«(iAMM( 1) 
tOi>TPE«(GAMMA-1.0)*RH 
RETURN 

?o  CONTINUE 
GAMMA«GAMM(?) 
LöSTPE«(GAMMA-1.0)*HM 
RETURN 
LNU 

OF P w.R. Tfl E FUR RH CDNSUNI 

10 

FUNCTION EOSTPOU. E» «H) 

COMMON/GAM/GAMMCü) 
FUNCTION TO CALCULATE PRESSURE FMOM LW. STATE 

UQ TO {10.?0)#L 
CONTINUE 
GAMMA«GAMM(]) 
EoSTPu m    (GAMMA - 1«0)*RH#E 
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IF   (EflSTPO   .k.T.   ü.    )   EÜSTPO  •  0, 
RETURN 

?o CONTINUE 
UAHHAaGAMM(?) 
EOSTPÖ «(GAMMA 
irCEdSTpO .LT. 
RETURN 
END 

- l.Ü)*HH*E 
0.)  EQäTPQ* 

TUNCTION EQSTPR (L.E.R^j 
CUMM0N/GAM/6AMMC2) 
Gü TO (10#20)»L 

10 CONTINUE 
FUNCTION TO CAL. DER. OF 
GAMMAsGAMMd) 
toSTPH «(GAMMA-l.ü)*E 
RETURN 

?0 CONTINUE 
(*AMMA*GAMM(?) 

tQSTPK«(QAHMA-1.0)«E 
RETURN 
ENO 

P W.R. TO RM FOR E CONSTANT 

SUBROUTINE CALENGCXMA*) 
COMMON/GAIN/ ä( 2»1000)•X(2»1000).U(2#1000)»C(2.lOüO) .RiU ?»1 

lüOO).    EC2»l0ü0)»P(9M000) 
DIMENSION SUM1(1000)*SUM2(1000)fSUM3( 1000) 
DIMENSION FF(?.500)»G>'(2.500)»HM(2»500) 

101 FORMATUH .»•  KEN ENER*'r««#E ISifl.-   INT ENERGY«*. E15.8. 
1  "  TOTOL ENERGY«% E^.S» '•IMAX■,,» 15) 

102 FURMATdM .3E15.8) 
1000 F0RMAT(4E15.Ö) 

U0«0.^8lE OH 
U0«0.Ö07263E 0« 

I« 2 
1« 1 

C  ••*♦•    0-7781 M/SEC.   *♦**   RHCJ-2.237 GRAM/CCM)**3 
C       ********* 

D«7.7älE 03 
C  FOR 0 IN M/SEC,TüTOL ENERGY IN CAL,/GRAM.THEN CKEN«0.239E-03, 
C       C1NT«1,0 

CKEN«Ü,?39E-03 
C1N1«1,E0 
U02« UO **? 
XX2«X(I.1)**2 
UU2«U(I,1)**2 
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10 

11 

1? 

^u 

luou 
CUM)1 
Clü()2 
ClOOi 
C 
C 
CÜUOO 
Ci'Ool 
CtUO'i 
C 

FFCI 
üGCI 
HHCI 
SUMl 
SUM2 

SUM3 
J«2 
JMl« 

ÜX»X( 
IF(0 

J«J*1 
GO TU 
XXi>« 
UU2« 
FFII 
üG( I 
HH{ I 
SUMl 
SUM2 
SUM3 
HHIN 
IF( 
J=J* 
ÜÜ 

SUMIN 
SUMK 
IMA 

£NEH(J 

HFTUK 

l NU 
bUBRU 
CüHMU 
1000) . 
CüMMÜ 
COMMQ 
UINP( 
1XI#UX 
iJ*{UXl 
F U K M A 
FU«MA 
FQRMA 
FOHMA 

k   El 
FQHMA 
FORMA 
FQRMA 
KRINT 
TOL ■ 
ToLl« 

»n« id 
»l)m 0.5 
»I)» RHl 
ll)«Ü.EO 
(1)«0.EÜ 
(1)»0.FU 

J-l 
I»J)-X(i 
X  .üT, 

»l}*KH(Iil)*XX2 
E0»UÜ2*RH^I»l)*UU2«XX2 
I#l)* XX? 

.JM1) 
Ü.1E-04) 00 TO 12 

I 102..SU 

AHSCXd 
1 
TO 10 
T«SUM1(J 
tNaSUH?l 

X«J 
r« SUMIN 
H 

UTINE fiN 
U/(.AIN/ 

E(?» 
N /SHK4A 
N/T1MIIU/ 
V2. UV1. 
2* (OX 
♦ l)X2)J 

T (IH .n 

T (IH .5 
T (1H0." 
T(IH ."X 

5*8) 
TC 
T(" 
T(- 
1002 
0,0005 
l.F-20 

U SUMKFN 

KSHA ( L» II. I?» 13. X4 ) 
U(2»100Ü)'X(2.10ÜO).U(2.1000).C(2.10UO).MH( y.l 

1000).P(?»1000) 
/ U4A.C4M,RM4A*£4A*K4A.X4A.U4A 

OT. Ulli. UU2. I» XMU 
DV2. Y) » V2 ♦ (0V2*DX1**2 ♦ OVl*UX2*»?) *V/(H 

I ♦ ÜX?)) ♦ (-DV1*UX2 ♦ UV2*DXl)*Y**2/Cnxl*l")Xi> 

POINT 4A JOES NOT CONVERGE") 
(Ell.4)) 

P4P   üa?   F4P   RH4P   C4P,•) 
A a ".ElS.fl." XH ■ ".£15.»."XC » ".EIS.H.-UA 

A " 
H n 

C n 

. 61E15.8» 2X)) 

. 6(E15.B' ?X)) 
» 6(El5,fl' ?X)) 
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K • 1 

1Ü 

U4 

C4 
RH 
E.4 
P« 
UA 
CA 
UB 
CB 
UC 
CC 

HH 
C? 
U? 
P2 
ti> 
Ü2 

ÜX 
DU 
UC 
UP 
UH 
ÜE 
UQ 
UX 
ÜU 
ÜC 
UP 
UH 

DE 
UO 

CO 
XA 
Xfl 
xc 
ux 
UX 
ÜX 
KR 
PA 
EA 
RH 
PR 
IF 
CA 
UA 

INITIA 
■ U(l 
■ C(l 

4 • RH 
■ Ed 
■ P(l 
■ U(l 
» C(l 
■ U( 1 
■ Cll 
* U( 1 
• C(l 

DEFINE 
2 ■ RH 
« CCl 
» U( 1 
■ P(l 

E(l 
OC1 
X( 
U( 
C( 
d. 
■ H 
E( 
U( 
X( 
U( 
C( 

Cl* 
« R 
E( 
0( 

IMA 
NUE 

■ X4 
« X4 
■ X4 

A « XA 
B • XH 
C» XC 
INT 10 
«ÜlNP( 
■ UlN 

A«EttST 
INT 20 
(RMA 
■ EQS 
■ UlN 

3 

1 
I 
I 
1« 
HI 
I 
I 
2 
2 
2 
2» 
H2 
2 
2 
ES 
NT 

ASSU 
I?) 
I?) 

1» 12 
I?) 
I?) 
13) 
13) 
II) 
ID 
I?) 
I?) 

VAKIA 
1* 12 
I?) 
I?) 
I'/) 
I?) 
I?) 
12) 
12) 
12) 

2)-P( 
1. I 
12) 
T2) 
13) 
13) 
13) 

3)-P{ 
1* I 
13) 
13) 
POS 

MPTIONS ^OR PT 4, 

RLES* 
) 

1* 
2) 

TE 

- (U4 
- (U4 
- (U4 
- X( I 
- X( I 

- X ( 
03 *XA 
P2.nPl 
P(E?# 
RQ(L»E 
0U# PA 
.LT. 0 
TCQ(L» 
P(U?» 

IT 

X( 
U( 
C( 

11) 

E( 
ä( 
xc 
U( 
C( 

12) 
m 

E( 
0( 
IÜN 

1* 
1* 
1» 

U) 
in 
in 

RH(1« II) 
i* in 

in 
i2) 
i2) 
i?) 

i. 
i* 
i« 
i« 

RH(i. 12) 
1. i?) 
1. i?) 
S FUR PTS A* B* ANU Ci 

CA)/2.*0T 
CB)/2.*üT 

• C'4 ♦ UM • 
f C4 ♦ Ul ♦ 
♦ UC)/2.*nT 
. 12) 
i 12) 
1 »12 ) 
•XH*XC*ÜM 

•0P2»DXA) 
DEI» DE?» DXA) 
A»HA) 
» EA» RH*» CA» UA» 
. ) RHA«-0.500*RHA 
EA»RHA»P*) 
OÜl» 0U2» DXA) 

XA 
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XB 

PEA   ■   EöSTPFU.   EA»   RHM 
UA « CIINPCQ?« oui#  no?' nxA) 
PB«UlNP{ P?,DHl»üP2»0X»i) 

EB ■ UlNP(E?» DEI. DE?» OXB) 
RHB«EuSTRQ(L»t8»Pö) 
PRINT 2001» PB» Eö» RHö, CB# UB» 
IF (RHB .LT, 0. ) RHB«"0.5D0*RHB 
CH ■ EQSTCQ (L.Ea#RHH»^fl) 
UH » UlNP(Ü?» 0U1. ÜU?» DXB) 
PEB ■ EOSTPEIL. EB. RHb) 
QB « alNP(Q?» OUl» 00?» OXB) 
EC « ülNP(E?# DEI» DE2» OXC) 
PC « UlNP ( PiJ.UPl»l)P2»nXC) 
HHC « EOSTRO (L.EC.PC) 
ÜC » UlNPCQ?. DUl» DQ2» DXC) 
PE« ■ EOSTPF ( L. Efl » RHM ) 
QH   m   uC 

CALCULATE   CüEKF.    IN    'HE   CHAHAC. 
HHCaA   ß   (HHa*C«   ♦   RHA*^A)/?» 

(HH«*C4   ♦   RHH^^fl)/?. 
(U4*C«/X4   ♦   UH*CB/XB)/2» 
(U4*C*«/xa   ♦   UA*CA/XA)/2. 
>   (pU^ga/CRHa^Cfl)   ♦   PEB*QB/CKHb*CH) )/?. 
•   (PE4#U4/(MH««CA)   ♦   PEA»0A/(HHA*CA))/2. 

(PE«*U4 ♦ PEA*^A)/2. 
■ (PEa*U4 ♦ PEH*^B)/2. 
•   (P4/HH<u*2   ♦   P,-/RHC**2)/2. 
QC 
(PH/RMC4H   ♦   PA/HHC4A   ♦   ÜB   -   UA   ♦   ("CXMU 

RCQ4B ♦ P RC04A)*DT)/(l./RHCaA ♦ I./HH 

EO, 

HMC4B 8 

UCX4B « 
UCX4A « 
P HCQ4H 
P RCä4A 
PEQ4A * 
PEQ4Ü ■ 
PRH4C » 
UC4 ■ 
P4P * 
U 
2C4B) 

U4P « 
lRHC4b 
2b ♦ 
E4P 

! . ) * ( U C < a ^ 

UCX4A) ♦ P 

I.)« UCX4ri* 
(PH - PA ♦ HHC4B*U9 ♦ RMC4A*UA ♦ (-(XMU 
1   PEU4H ♦ (XMU - l.)*UCX4A«RHC4A - PEU4A)*0T)/(H^C4 

HMC4A) 
« EC ♦ PKH4C*(RH4 " RM2) ♦ aC4*DT 

HH4P ■ EQSTRÜ(L» E4P. ^4?) 
PRINT 1001.P4P,U4P.E4P»RH4P.C4P 
IFIKH4P .LT.Ü. ) HH4P«-0.500*RH4P 

C4P ■ EUSTCQCL. E4P» Rr14P» P4P) 
PWiNT 1001»P4P.U4P.E4P'RH4P»C4P 

\^ 

\'i 

?U 

IF 
IF 
Ir 

if 
IF 
IF 
ÜU 

ABS 
ABS 
ABS 
ABS 

TU 
(P4H).LE. TOL^GU TO 15 
((P4H-P4)/P4Pi,GT. TUL) GO 
CU4P) .LE. TO^-DÜO TO 1b 
((U4P - U4)/U<*P)4GT. TüL ) QU 

20 

TO 20 

C AbS(r.4P).LE. TOLD GO TO 
l ABS ((F4P-L4)/E4PJ .GT. 

TU 30 
IFCK .GE. 20) GU TO JS 
K « K ♦ 1 
U4«(Ü4P*U4)*Ü.5 

20 
TÜL) GU TO 20 
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c 
c 
c 
c 

C4«(C4P*C4)*0.5 
pi»«(P4P*P4)*0.5 
HH««(RH4P*RH4)*Ü.5 
E««Ct«P*E4)*ü.5 E 

(iO TO 10 
ib   PRINT 1000 
30 CONTINUE 

Xi»A ■ X4 
UüA « U4P 
C4A • C4P 
KH4A « RH4P 
E4A * E4P 
P4A « P4P 
U4A « Q4 
PRINT 
HKlNT 
PRINT 
PRINT 
RETURN 
ENÜ 

2000, PA* EA* RH^» 
2001. Pb, Ed* RH«. 
2002» PC. EC» RH^. 
100J .XA.XH.XC.U* 

CA» UA* XA 
CB* UB» XB 
CO* UC» XC 

SUHKUUTJNE GNPSH8(L» M» 12» 13, X4» MS) 
CIIMHÜN/GAIN/ ij(2,lUÜO)*X(2»1000}*U(2*1000)»C(2»1000)»HH(?»l 

lOOOj»    E(?.100ü),P(?MOüO) 
COMMON / SHK4H / U4B » C'4R*RH4H»E4H» P4B, X4B» 04R    »ÜUU 
CüMMON/TIMUU/ UT» UU1» UU2» I» XMU 
CüMMON/GNPSRB/ XB 

C loU FUHMATUX. «XH«, 10X» "UB'«»10X» "PB"» lOX»,,RHB••.9X»••ER,,./. 
C       1H * 
C    1  5E11.4) 
C ml FnRMAT(AX» «Paö «'S El1.4» 5X» •CU4B ■". Ell«4) 

XINP(Vli DV. ÜX» DY) • VI ♦ 
C   -   MS«1»RIÜHT HUNNiNG S«OCKI 

SIGN ■ 1• 
IF(MS »EO. 1 1 SIGN ■ -I 

DV*DY/DX 
MS » 2»LEFT RUNNING SHOCK. 

X2 « 
Ul < 

Pi ' 
Ul « 
El . 
ÜXB 

X(l» 
U( 1» 
PCI» 
U(l, 
Ed, 

• XB 

1) SIGN 
I?) 
I?) 
I?) 
I?) 
I?) 

- XU» 12) 
IFCXB .LT. X2) GO TO 
OX ■ X(l» 13) - X(l» 
ÜQI 
DPI 
DEI 
DUl 
GO TO 

a< 1» 

P(l. 
Ed» 
uci» 
20 

U) 
li) 
13) 
13) 

öd» 
Pd» 
Ed» 
Ud» 

12) 
I?) 
i2) 
i?) 
12) 
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10   CllNTlNUK 
ux • xci.  in - xn, Iü) 
ÜPI ■ P( 1. ID - PCI, 12) 
UE1 ■ E( W ID - E(l# A?) 
ÜU1   •   U(1.   II)   -   U(l,   12) 
üQi ■ ö( i, m - tin* i2) 

90   CONTINUE 
Ho « XlNPCPl, DPI» OX. DXB) 
tti   3 XlNP(fl* DEI» f)X. nXH) 
KHÖ ■ EOSTRO(L» Eb» PH> 
tB a EUSTCQd» EB. HHH» PB) 
UH ß XlNPCUl, OUl, DX. OXB) 
Qti  « XINP(QI» nun ox* OXB) 
PEB   ■   EtiSTPEiL»   EH.   HHö) 
HHC a RHrt*CH 
UCX « UB*CH/Xö 
PRCQ « PEB*OÖ/RHC 
QUO   « 0« 
P^lB « PB ♦(Sl(iN*(U4B - UH) 

i RHC 
IF (P4H .LF. 0. ) P«Ba-P48 

C PRINT 100. XB» UH. PB» RHB. 
C     PRINT 101. P4H. U4B 

RETURN 
END 

♦ (-(XMU - l«)*UCX ♦ PRCQ)*nT) * 

EB 

i>U 
LO 
100 

CO 
RE 
FO 
Fü 
FO 
fo 
F(J 

1») 
FO 

n 
4 0 0 F() 
401 FO 

l") 
402 FO 

l") 
403 FO 
500 FO 
bOl FO 

loo 
10 1 
103 

1 
JoO 

301 

BRUUTINE f.NPTCL. II. 12. II, KQ) 
MMON/GAIN/ 0(2,1000)•X(2,10ÜO),U{2.1000).C(2.10UO).HH(?.1 
0).    E(?.1000).P(?MOOO) 
CALCULATE PROPERTIES AT GENERAL POINTS» 
MMUN/TIMUU/ DT, UU1, UU2, I,XMU 
AL LINP 
RMATUH , 12. IX» 14* 3X, 6(E15*8* 2X)» 12» 2X» ?HMl ) 
RMAKIH » 12. IX, 14» 3X. 6(E15.Ö, 2X), 12» 2X» ?HM?) 
RMATdM » 12» IX. 14» 3X» A(El5.8, 2X)» 12) 
RMAKIH , 10X» "NOT CnNVERGE") 
RMATdH , "PT Ml CALC.  PT B LIES ON LEFT  RUNNING SHUCK. 

RMAT(1H 

RMAT(1 
RMAT(1 

RMAV(1H 

RMATd 
RMATC1 
RMATC1 

"PT M2 CALC.  PT A LIES ON RIGHT RUNNING bHUCK" 

"XH  « ".fl^.fl,"  ÜTI  » ".EIS.«) 
"IST CHARAC'ERISTIC DOES NOT INTERSECT THE SHOCK 

•'2ND CHARACTERISTIC DOES NUT INTERSECT THE SHOCK 

"  XA  « ",tl,>.8,"  ÜT2  ■ »«»EiSiS) 
"POINT   A  VARIABLES FOLLOW *) 
•♦PUINT   H  VARIABLES FOLLOW *) 
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5n2 FQRHAT (IH t"   X   U   C   P   RH   E   ' 
•itü FllRMATl"  KH NOT CONVERGE IN GNPT") 
5?0 FORMATC  XA NOT CONVEHQE IN GNPT») 
510 FoRMATt"  FROM GNPT WE HAVE U3 ■•♦» E15t6* 

1 " 0X4 ■ 
UC4 ■»•» 
E15«6« 
KG • II 

E15.8» " XJ "•«t E15.8. ft Cl E15. 
El«».8» 
8» •• 

2» 

X4 ■«. E1S»8) 
GENERAL POINT ADJACENT TO LEFT RUNNING SHOCK. 
FIRST CHARACTERISTIC INTERSECT WITH SHOCK. 

GENERAL POINT ADJACENT TO RIGHT RUNNING SHOCK. 
SECOND CHARACTERISTIC INTERSECT WITH SHOCK. 

■ 31  REGULAR GENERAL POINT* 
( vi* nv. OX. ÜV) ■ VI ♦ OV *DY / OX 

V?. DVl. UV2. 0Y> ■ V2 ♦ (0V2*0Xl**2*DVl*UX2**?)♦ OY 
DX1*0X2*{ÜX1 ♦ 0X2)) ♦ C-0VU0X2 ♦ 0V2*DXl)*(  OY 

*(ÜX1 ♦ DX2)) 

2(>l 

?02 

KQ ■ 

KU 
LINP 
GINPC 

1/ ( 
2 )**2/(nXl*0X2 
MT - 20 
MNlT • 4 
TOLl « l.E-10 
TOL « O.OOOS 
KP ■ KQ 
GO TO (?0l. 202» 200). KG 
PRINT 300 
UO TU 200 
PKINT 301 
CONTINUE 
HRINT 502 
Ul * U(l. ID 
El ■ £(l. H) 
«Hi ■ Hrtd. U) 
Ul ■ 
Cl ■ 
Pi ■ 
u? ■ 
L? ■ 
HH2 
Ü? ■ 
P2 « 
XI « 
X? ^1 
X3 ■ 
C3 ■ 
U3 • 
L3 ■ 
P3 • 
U3 ■ 
K • 
KM1 
U4 « 
0X1 

0(1*    ID 
C(l.   ID 
PCI*   ID 

Uli*    12) 
Ed. I?) 

«   RH(l.   12) 
U(l.    I?) 
P(l. 
X(l. 
X(l. 
X(l. 
C(l. 
U   (1.13) 
EU.   13) 

I?) 
ID 
I?) 
13) 
13) 

1 

PID 
ti(l. 

• 3 
0(1, 

• Xd, 

13) 
13) 

I?) 
12)   - xd» ID 
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uui 
uci 
UEl 
ÜRH 
DPI 
Ufil 
UX2 
ÜC2 
DU2 
UE2 

THIS IS 
UP2 
URH 
DQ2 
üü 

H 
2 ÜX3 

UU3 
ÜE3 
UP3 
DRH 
003 
ÜC3 
XIH 
xa 
UTl 
XB 
KCO 
HI 
«2» 
H3» 

■i CON 
FP« 
F « 
XHP 
IF 
KCO 
IF( 
XH« 
PRI 
ÜÜ 

7 PRI 
PHI 

6 CUN 
UTl 
UTl 
IFC 
KMl 

3 KMl 

U{1 
C(l 
Ed 

■ RH 
PCI 
ad 
xd 

d.i 
ud 
Ed 

HE   P 
Pd 

■ RH 
ad 
i?. 

iEs 
X( i 
Ü( i 
Ed 
Pd 

«    RH 
Qd 
cd 
X(/ 

a    X2    ♦ 
«    ÜT/ 

•    (XI 
UNI    a 
«   UltC 
XIP*CIJ 
-    U/l) 
TIN'JE 
1.-2.* 

xd  - 
»Xd-F/ 
(    AdS( 
UNT   a 
KCUUNf 
XdP 

NT «400 
TU 5 
NT 51Ü 
NT '♦OO 
TINJF 
P « DT 

a   UTl 
UTl   ,G 

»    1 
TU   10 

a    i 

. 12) - 
» 12) - 
# 12) - 
(l,   12) 
» 12) - 
. 12) - 
» 13) - 

uci* in 
Cd.  M) 
Ed. in 
- RH(1. in 
pci. in 
uci. in 
XCl.   i2) 

3)-Cd.I2) 
.    13)   -   UCl.   i2) 
»   IJ)   -   Ed.   i?) 
UlNT   M    THE   I^rAMOUS 
,    13)   -   PCI.   i?) 
d.    13)   -   HHCl.   12) 
.    13)   -   Ud.   i?) 
a*    10).   KQ 

UN   THE   LEFT   S^nCK. 
in - xc2. in 
in - uc?. in 
in - tc?. in 

PC?» in 
-  RHC^.   in 
QC2.   in 
CC2. 

CUBUL FÜULUP 

( 1 
* 

in 

in - 
.in 
in - 
in - 

.in 
IJ?*0T 

2. 
♦   XlP)/2. 
I 
l-CXnxlP)/ÜXi*CDU3*DC3)*DX3/0T 
ntl-Xl*C0U3*'JC3)/DX3*X«/XlP*DX3/DT) 
X3*CiJU3*ÜC3) 

d3*XB/dl 
C    fl2   ♦   33   *   Xd   **2)/dl 
FP 
CXHP   -   Xd)/XHr')      .LT.   TUL)   QU   TO   6 
KCnUNT   ♦   I 

,GT,   NIT)   GO   Tt)   7 

.XB#UT1 

.   Xd.   UTl 

/CXlP   -   XI)   *   C    XIP   -Xb) 
P 
T.    l.O*!)T)   GO   TO   3 
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M 

Vi 

12 

11 

lü 

15 

PRINT 
üO TO 

A L 
ÜX4 • 
ÜU4 ■ 
DE« ■ 
DP4 ■ 
ÜRH4 
ÜQ4 ■ 
ÜC4 ■ 
X3P ■ 
X« ■ 
XA ■ 
ÜT2 ■ 
PRINT 
KCOUN 
Al 
12   • 
A3 ■ 
CONTI 
FP • 
F « X 
XAP ■ 
IF ( 
KCOUN 
IF(KC 
XA ■ 
PRINT 
ÜO TO 
PRINT 
PRINT 
CONTI 
ÜT2P 
UT2 ■ 
IFCDT 
KMl m 
GO TO 
KMl ■ 
PRINT 

BEG 
CONTI 
X4 - 
KP ■ 
GO TO 
CONTI 
DT2 « 
ÜXB • 
ÜB « 
LB 
PB 

401 
10 

IES 0 
X( 1» 
U(l* 
Ed» 
P(l» 

■ RH( 
Q( 1* 
C(l* 
X(2* 

X2 ♦ 
(X3P 
OT / 
530* 

T » 1 
U3-C3 
X3P«( 
- !•/ 
NUE 
U-2. 
A - ( 
XA - 

ABS(( 
T • K 
UUNT 
XAP 
403* 
9 
5?0 
403* 

NUE 
« OT 
0T2P 

2 .GT 
2 
10 
3 
402 
INNIN 
NUE 
X2 ♦ 
KMl 
(15* 

NUE 
OT 
XB - 

l.lNP( 
LlNP( 
LlNPC 

ME 
) • 
) - 
) - 

I) - 
13) 
) - 
) - 

^MOCKi 
13) 
i3) 
13) 
i3) 

- RM(2, 13) 
U(2* 1.1) 
C(2» 13) 

RIGHT 
X(2* 
U(2, 
E(2» 
P(2» 

N Tl 
I*: 
13 
ia: 
13; 

i* 
n; 
13 

13) 
U?*l 
♦ x; 
2« 
Uä* UU<t» OX** X3» C3» ÜC4* X4 

-OT 
;3)/2. 

-(X3*X3P)/DX'»*{DU4-üC4)*0X4/0T 
U3"C3-X3*(DU^-0C4)/0X4*X4/X3P»0XA/OT) 
DX4«(UU«-0C4) 

♦A3*XA/Al 
A2«A3*XA**2>/A1 
F/FP 

XAP - XA)/XAP ) .LT. TOL ) GO TO 11 
COUNT ♦ 1 
•GT. NIT) GO TO 12 

XA. ÜT2 

XA* UT2 

/ C X3P •X3) • ( X3P -XA) 

. 1.0*0T) 60 TO 8 

G UF ITERATIUN LOOP. 

U? * ÜT 

?0* 25)* KP 

Xl 
Ul* 0U3* 0X3* OXB) 
El* 0L3. DX3* OXB) 
PI* DP3. 0X3» OXB) 
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•TJ 

^0 

■^ 

so 

?b 
?7 

?* 

10 

12 

KH 
CB 
UB 
HE 

to 
DT 
ux 
UA 
LA 
HA 
WH 
CA 
UA 
HE 
bll 
ÜT 
UT 
tu 
IF 
XH 
(iQ 
CQ 
ux 
UH 
LB 
UB 
Hfl 
HH 
Cfl 
HE 

I 
liU 
cu 
ux 

LB 

UB 
HB 
HH 
CB 
HE 
IF 
ün 
CO 
IF 
XA 
liU 
CO 
ÜX 

B ■ EOST 
■ ttiSTC 
■ LlNH( 

B » EOST 
TO 30 

NTINUE 
1 ■ DT 
A ■ XA - 
« LlNP( 
• LlNPt 
n LlNP( 

A » EQST 
■ fcOSTC 
■ LlNP( 

A ■ EOST 
TU 28 

1 « UT 
2 ■ DT 
NTINUE 

{ K .NE 
»(X4-UT* 
in 2y 

NTINUE 
B « XB - 

a 
m 
* 

RO(L» EÖ» HH> 
Q(L» LB» RHH» PB) 
01» OUi» 0X3* OXB) 
PriL»EB.RHB) 

X3 
UH»   OUM» 0X4* UXA) 
E3» OLA» 0X4» OXA) 
P3» DPa» 0X4* OXA) 
RQ(L« EA» PA> 
Q(t. LA. HHA* PA) 
Q3i 0U4» 0X4* OXA) 
PE(L»EA»RHA) 

UlN P 
UlN P 
UlN P 

■ ülNP( 
B » LOST 
» LUSTC 

B ■ EQST 
F ( KP . 
TU 40 

NTINUE 
B ■ XH - 
» LlNP( 
» L1NP( 
»   LlNP( 
» LlNP( 

B « EuST 
■ EfcSTC 

B « LOST 
(KP .EO. 
TO 40 

NTINUE 
( K ,NE 

«(X4-ÜT* 
TO 31 

NTINUE 
A ■ XA - 

• I ) liU TO ^6 
(uuci-xi/oxU(ouuüCi)))/(i,o*uT/nxi*(ouui)cn) 

x^ 
(U2. uui, nu^»OXH) 
(F2* ULI, DE^fOXB) 
(02, UUI* l)O^(OXB) 
P?» DPI. DP2* OXB) 
RQ(L. Ed. PB> 
Q{L. LÜ. RHH» PB) 
PE(L. EH, RHii) 
EO. 3) üO TO 30 

XI 
Ul, 
El» 
Ql» 
PI* 
RO(L, 

0U1. 
ULI . 
DU1. 
DPI. 

Ed, 

Dxi»ox«) 
Dxi»nxö) 
DXl'OXB) 
0X1» OXB) 
PH> 

Q{L, L8. RHH* PB) 
PF(L. Ed. HHd) 
3) GÜ TO 3Ü 

, 1) Ü0 TO 3^ 
( U3-Ci-X3/OX<i«C0U2-üC2 )))/(! 10*OT/0X2*( UU2-uC^ > ) 

X? 
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c 
c 
c 
c 

11 

40 

iS 

«I 

UA 
Ik 
0A 
PA 
HHA 
CA 
PEA 
Gil 
CON 
ÜXA 
UA 
EA 
UA 
PA 
HHA 
CA 
PEA 
CüN 
IF 
QU 

HHC 
KHC 
UCX 
UCX 
P R 
P R 
PEO 
PEä 
GO 
KHC 
KHC 
UCX 
UCX 
P K 
P H 
PEQ 
PEQ 
CON 

PRI 
PHI 
PRI 
PRI 
TOL 
P4P 

1 
lC4d 
U«P 

1HC4 
22)/ 
IF 

QlN P(U2 
QlM P(E2 
QlN P(02 
OlNPlP?» 

■ E0STR0( 
EQSTCOCk 

■ EttSTPEC 
0 40 
INUE 
• XA 
LIN 
LIN 
LIN 

X2 
( 
( 
( 

LINPCP?» 
■ EOSTROC 
EQSTCQCL 

• EQSTPEC 
INUF. 
K «NE* 1 
02 

RHA * 
RHÖ * 
UB*CB 
UA*CA 
■ PE« 
■ PfA 
PEA*U 
PER*« 

A « 
B • 
B • 
A « 
Q4B 
Ü4A 
A • 

B 

■ 
B 

B 

(RH4* 
(RH4* 
(U4*C 
(U4*C 
B CPE 
B (PE 
(PEA* 
(PER* 

B 
0 
A 
H 
B 
A B 

U4B 
04A 
A B 

B  B 
INUE 
T 500 
T 103*1*1 
T 501 
T 103.1,1 
ON B 0*00 
* (PB/RHC 
HC«4H)*0 

♦ 1. 
■ (PB - P 
♦    PEO 

RHC4A ♦ 
K .NE« 1 

* 0U1* 0U**0XA) 
* 0E1* 0E2,0XA) 
* 081. O&^.OXA) 
DPI» 0P2» DXA) 

L* EA* PA> 
> EA* RHA* PA) 
L* EA* RHM 

U2 * 0U2» nX2>DXA } 
E2* 0E2» Ux2» DXA ) 
02* 002* UX2» OXA } 
DP2, DX2» OXA) 

L* EA* PA) 
* EA, RHA* PA) 
L, EA* RH*) 

) GO TO ^5 

CA 
CB 

/XB 
/XA 
*QB/(RHB*tB) 
•OA/(RHA#tA) 
A 
B 

C4 ♦ RHA*tA)/2i 
C« ♦ RHB*tfi)/2, 
4/X4 ♦ UB*C8/XB)/2* 
4/X4 ♦ UA*CA/XA)/2. 
B *ÜB/(RHö*CB) ♦ PE4*Q4/(RH4*C4))/2, 
A*OA/(RHA*CA) ♦ PE4*04/(RH4*C4))/2* 
OA ♦ PE4*04)/2» 
OB ♦ PE4*tl4)/2« 

2*XA,UA,CA,PA*RHA*EA*L 

2*XÜ*UB*CÜ*PB*RHBfEB*L 
05 
48 ♦ PA/RMC4A ♦ UB • UA ♦ (-(XMU - l.)*UCX4fl ♦ 
Tl ♦ (-(X«U - l.)*UCX4A ♦ P RC04A)*DT2)/(l»/RH 
/RHC4A) 
A   ♦   RHC4B*UB   ♦   RHC4A*UA   ♦   (-(XHU   -   l.)*UCX4R*R 
4B)*ÜT1   -   (-(XMU   -   l.)*UCX4A*RHC4A   ♦   PE04A)*DT 

KHC4R) 
)   GO   TO   *43 
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HH« ■ HH2 
a5 LaP ■ E? ♦ P 

HH4H m   EQSTR 
IF ( ABS (( 
KdRMATClH .♦• 
HHINT 528»RM 

b?ti 

ui 

HH4 ■ 
üO TU 
t4H ■ 

1 02)/ 
KH4P i 

a 6 

a2 

so 

s^ 

6Ü 

(RH4P 
4S 
E? ♦ ( 

?. 
FQSTR 

C«P - EGSTCO 
IF ( K .EU. 
IF ( ABS ((P 
IF (AbS(U4P) 
IF ( ABS (( 
IF C ABS UE 
IF ( K .G£. 
IF ( K .Eti. 
^RlNT 103.1. 
K « K ♦ 1 
IF(K .GE. 
Ui| a U4P 

ca ■ C4P 
Pa ■ pap 
RH4 « RM4P 
E4 ■ E4P 
Pt4 » EQSTPF 
(ill TU 10 
LU « cua ♦ u 
Ca « (Ca ♦ c 
Pa « iPa ♦ P 
HH4 ■ CRHa ♦ 
L4 ■ (Ea ♦ E 
HE4 « EOSTPE 
UO 1U 10 

ENÜ ÜF 
PRINT 1 
X(2» 12) ■ X 
U(2» 12) ■ U 
IF (P4P ,LF 
IF (KHaP .L 

Cl2» 12) « C 
KH{2. I?) ■ 
£(2» 12) ■ E 
H(?. 12) ■ P 
U(2» 12) « 0 
RETURN 
END 

2/(RH2**?)«(RH4 - RH2) ♦ 02*01 
tt(L* t4P. PaP) 
RH4 - RH4P )/RH4) «LT. TOLCON) GO TO a6 
Rl^a'SEl'i»«»"   RH4Pa,'»El5.8) 

4»RM4P 
♦ RH4) / ?»0 

P2 ♦ P4P)/tRH«**? ♦ RH2**2)*(HH4 - RH2) ♦ tU« ♦ 
• ÜT 
U(L» E4P» P4P) 
(L. E4P» RflaP» P4P) 
1) liU TO SO 
4P -P4) /P4P) - TULCUN) 42» 42. 50 
.LT. T0L1 ) 60 TO 44 
UaP - U4)/^aP) • TOLCUN) 44» 44» 5Ü 
4P - E4)/ t-aP) - TOLCUN) 70»    70» 50 
NIT ) ÜO TO 60 
MNIT ) GO '0 70 
12.X4.U4P.C4P»P4P»HHaP»E4P»L 

3) üO TU 55 

CL»£4»RH4> 

4P)/2. 
4P)/2. 
4P)/2. 
HH4P) /2. 

4P)/2. 
(L. E4» RH**) 

ITFHATiUN LOOP. 

4 
4P 
. 0 ) P4P«"P4P 
t. Ü) RH4Pa -RH4P 
4P 
RH4P 
4P 

«P 
U» 12) 
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■ ' 

905 
90? 

u 

Ü 
C 
c 

u 
c 
c 

t 
IF 
C 
c 
c 
c 
c 
t 
^ 

11 
(l 

90b F 
(1 

91 I »■ 
C 1 
(I 

91 «5 F 
916 F 
91? F 

(. 1 
91 ö F 
919 F 

(1 
11 

9?0 F 
14 

JA 
y?l F 
9>2 
9?5 

UBRÜU 
IMfMS 
OMMflN 
OMMÜN 
Ü 
ÜMMON 
OMMÜN 
PUO) 
QMMllN 
2»öF2 
ÜMMÜN 

QMMQN 
DMMUN 
OMMÜN 
UMMtJN 
UHHUN 
DRMAT 
ORMAT 
H »"( 
H »"( 
ÜRMAT 
H »"ü 
ORMAT 
H »6X 
H »5( 
UHMAr 
ORMAT 
ORMAT 
H »"T 
ORMAT 
ORMAT 
H ^X 
H .5( 
ORMAT 

TlNt INI 
IflN A(MU 
/IIMOU/ 
/1NIT/RI 

/SINPT/ 
/RAWAV / 

/C1ANU2 
• XF,XS 
/1)TTS/ÜT 
/NOIM/TT 
/REFL/TR 
/GAM/CAM 
/CON/TCO 
/NNEWW/K 
(«JElS.b) 
(IN ."IN 

T)TlMt u 
TMAX)MAX 
(IHOt^üA 
AMMA FUR 
(IH ."HE 
»"UI?*» 1 
IPEIS.Ö) 
(35A?) 
(I?»3F15 
(1H1»"01 
IME UNIT 

(1H0.S(2 
(IH »"RE 
»"UI1"» 1 
IRE15.Ö) 
(IHU^C I 
" sunoi 

URMAT(1H0»"(X 
FoRMAT{////M N 
F0RMAT(1HÜ.''(R 
READ 90S.T 
ÜT«T 
REAÜ 90S.(iAMM( 
REAU 9l'>«( A( J) 
un«o.o 
UI2«0«0 
REAU 9ÜStPIl»U 
REAU 90S.RI?»U 
REAU 9l6.lN.XZ 
ElUEgSTEUCl.H 

OAT 
) 
OT*   UU1.   UII2»   I*   XMU 
l#un»HMM.En.CIl,Üll.KI2.UT2.RHI2.ri?.CI?.Q 

PI.   UI.    «HI»   UF.   XZ.   PF.    IH1,    IH2 
XHl30).0R(3fl).CR(3U).RMR( 30).ER(30).PR( 30) .R 

/   PFl»UFi.RHFl.EFl,Cri»vJFl.PF2.ur2.RHF?.FF>.C 

.TTMAX.X^Z.TMAX 
EF .T 
M(2) 
N.0T2.PT^L 
SHUCK.KTt-LG.IDT 

IT IAL   TI-'Es   O.Ün/ 
F    THE   FI^ST   TIME   LINE W.1PE15.8/ 
IMUM   RUN   TIME ".IPEIS,«) 
MMA   FOR   «EGION   UNf . 1 PE 15 . «/ 

KEiilÜN    Jwn".lPE15,ä) 
GIQN   Twl)   PROPERTIES   "Z 
?X.''CI?"»l?X»"PI2,'.nx.,,RHl2''.12X."EI?,V 
) 

.0) 
MLNSIONA»- INPUT DATA"//// 
S AHEC.'iA?,")'») 
X»',C'"SA?"'),,)       ) 
GIUN ONE PRüPERTIESV 
?X."CI1',»1?X.,,PI1,,.11X."RHI1'«.12X.'«FI1M/ 
) 
M)THE iNitlAL RAREFACTION IS OIVlOEl) INTO ".I 
VISIONS'"' 
IH »"(XZ^RADIUS OF REGIUN ONF •♦. IPE 1S.8. M(w . 5 

Z)RADIUS OF REGION ONE ".IPEIS.Ö) 
UN-UlMENaiONAL INPUT DATA"///) 
TUDSHHC^ PRESSURE JUMP TOLERANCE ".1PEIS.8) 

1 ) .üAMM(<i) 
.Ja 1.35) 

Il.KHIl 
I2.RHI2 
.PTUL 
HI1.PI1) 

^1 

it' I 



cn-EusTCän.Eu.KHn^ii) 
k.I2«E05rE0(?»KMl3.PI2) 
Clif-EäSTC0(?»EI2.HHI2»^I?) 
HRINT   9ir,(A(J).J«1.5) 

907.T»TMAX 
908*QAMM(1)*GAHM(?] 
918*(A(J)(Ja6f30) 
9l9,UIl»CIl»Pn,HHll#EIl 
911.UI2»C12»PI2»«HI2»EI2 
9?Ü*IN*XZ*(A(J),J«31»35} 
9?5»PTÜL 

PRINT 
PRINT 
PRINT 
PRINT 
PRINT 
PRINT 
PRINT 
xxz»xz 
XZ»l.Ü 
TT«T 
ÜTT.üT 

TTMAX«TMAX 
ACl)»XXZ 
A(2)«XXZ/CI1 
A(3}«CI1 
A(4)«tll 
A{5)«RHIl»Cll**2 
A(6)«RHI1 
A(7)mCIl**2 
CALL NÜN0IM 
PRINT 'ill 
T.TT 
UT«DrT 
TMAX«TTMAX 
PTÜL«PTnL*X7 
PRINT 907»T,TMAX 
PRINT 9l9.UIl»CIl»PIl.«Hll»EIl 
PRINT   <»lliUI2»CI2.PI2.rtHl2»EI2 
PRINT   9?1»XZ 
PRINT   9?5.PTbL 
PRINT   9?3.(A( J).J«l.n 

V^3   ^0RMAT{//1H   »"CONVERSIUN   FACTüRb   BACK 
ITIES«/    IHO^yUANTlTy   MULTIPLY   BY"/ 
2 IM   »••X".öX,iPEI5.Ö/ 
-» IM   ,"T".8X#1PE15.8/ 
4 1H   »'♦U".8X.1PE15,8/ 
i IH   »"C''#8X#IPE15.«/ 
6 IH   »••P".8X.lPU'i. 
7*/ IH   ."RH"./ 
ÖX,1PE15,8/ IM 
9."E"»äX,lPEl5.8) 

TCÜN»A(?) 
CALL   HASHÜK(2*IN*1) 
CALL   ASIGPT 
lF(I0T.E0.nüT«üT2/TCQ^ 
RETURN 

TO   DIMENSIONAL   UlANTI 
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END 

SUBROUTINE 
c    SUBKOUTIN 

CGHHON/GAI 
1000}«    E 
C0MMUN/T1M 

10Ü KQRMATdH 
HO FORMAUIH 

C 170   FORMATC 
C^ÜOO FORHATdH 
C       lh »5E11 
C    I  M) 
C^Onl Fl)WHAT(lM 

INTFPTm»I*.l3.l4) 
E TO CALCULATE PROPERTIES AT INTERFACE. 
N/ U(2*1000)*X(2»lüUO)*U(2*10üO)*C(Ü*10ÜO)*KH{?$\ 
{?»1000).P(?»IOÜO) 
UU/ OT* UU1* UU2* I* XMU 
»Ti!»lX.Ia»3X»6(El5.ö»2X).B*,,.Il.?X.,,lNTF'') 
.1ÜX."INTERFACE SOLUTION DIVERGENT«) 
• ♦***"» 6(El^»ft» 2X)» •♦*•**•") 
»SX»"XA"»10X»"UA".10X»"KA".10X»,,RHA,,»S>X.,,EA"»/. 

.SX»,'XB,♦»10X•••Uöw»lüX»••Pö".10X»HRHH,•#9X,•♦EH'•./. 

lü 

C        IH .5F11. 
C     &   4) 

XlNP(Vl»UV»l)X»Y)«VUnv*Y/ÜX 
L « I 
TOL-O.ÜOO1) 
TüLl « l.E 
LIM«3Ü 
K«l 

C   "   DEFINF H 
Ul ■ U(l 
Cl « C(l 
XI « X( 1 
MHl ■ RH 
LI 
PI 
(Jl 
L? 
P2 
MH2 
Ü? 
C? 
U2 
X3 
U3 
C3 
HH3 
E3 
^3 
X4 
U3 
U4 
C4 

L(l 
P(l 
U(l 
LCI 
P(l 

■ RH 
y( l 
C(l 
u(i 
X(l 
UCl 
C(l 

■ RH 
E(1 
P(l 
X(l 
U(l 
Oil 
CCl 

UEFINE 

UX2«X( 1 

1) 

t) 

ROPLRTIES AT POINTS 1# 2» 3» ANU 4, 
ID 
ID 
ID 
.   I 
ID 
ID 
ID 
I?) 
I?) 
• 1 
\?) 
I?) 
I?) 
13) 
13) 
13) 
* I 
m 
13) 
14) 
13) 
14) 
14) 
FF. 
)-X( 

3) 

QUANTITIts 
!(DI3) 
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ou2«u(i#m-u(i»i3) 
ÜC2   ■   C(l*   14)   -   Cd*   i3) 
DE2»Ed»H)-Ed»I3) 
l}RH2«KHd*U}-RHd*I3) 
UP2   ■   Pd*   H)   -   Pd»    i3) 
U02>Qd*l4)   -0(1*13) 
0xi>iXd*i2)-xd*in 
Uül-Ud*I2)-Ud*Il) 
UEl«Ed.I2)-£d»n) 
ÜRH1   •   RHd(I2)   -   RHdMD 
üpi ■ Pd, i2) - Pd* in 
l)(Jl»Qd#I2)-0d»Il) 
ÜCl   ■   C?   -Cl 
XA ■ (XaA • (U« - C4 - (DU? - 0C2)«X4/DX2)*0T)/(1. ♦ (OÜ? - 

I DC2)«    0T/UX2) 
XaA ■ X3 ♦ U3tDT 

ESTIMATE PTS A ANO 8 
XH ■ (X4A - (Ul 
1UCI)*UT   /0X1) 
DXA ■ XA - X3 
ÜXÖ ■ XH - Xl 

♦ Cl - C0U1 ♦ DCl)*Xl/OXl)*DT)/( l. ♦ (DUU 

XlNP(IJ3» 0U2 
XlNP{C3» Dt2 
XlNP(P3» 0P2 
XlNPCQI» DU2 
XINP(E3* 0£2 
E0STRQ(L* EA 

XlNPCUl» OUi 
XlNPCCl* 0C1 
XlNPCPl» DPI 
XlNPCQI* OUI 
XlNP(El» OEl 

UA 
CA 
PA 
UA 
EA 
«HA 
ÜB 
CB 
P8 
ÜB 
EB 
KHB • EQSTROd* 

ASSUME VALUES 
U4A • U3 
UaB » U? 
C4A • CA 
KH4A ■ RH3 

DX?» OXA) 
DX2» OXA) 
DX?» OXA) 
DX?* DXA) 
DX?» OXA) 

, PA> 
DX1» DXB) 
0X1» OXB) 
DX1» OXB) 
0X1» DXB) 
0X1» OXB) 

EB» PH> 
FOR VAMIABLES 

E4A i 
P4A i 
P4B • 
C«B • 
HH4d 
E4B • 
U34A 
U24B 

E3 
P3 
P4A 
CB 

' RH2 
E? 

* 03 
■ 02 

CONTINUE 
BEGINNING 

X4A ■ X3 ♦ 
X4B«X4A 

QF ITERATION 
U3tOT 

74 

LOOP 



c 
c 

1U 

UMC 
upc 
XA« 
XB- 
ÜXA 
ÜXB 
UA» 
u« 
PA 
KHA 

CA 
HEA 
PE'J 
UA« 
UH« 

LH« 
PB 
HHB 
CB 
HEB 
Hf» 
UB« 
U«A 
Qab 
HHC 
HHC 
ucx 
UCX 
P P 
P R 
PEG 
PEQ 
CON 
PRH 
PKH 
PaA 

i   ♦ 
2C4A 

P4B 
PRI 
PRI 
IMA 

IHHC 
2A ♦ 

E4A 
E4B 
HH4 
HH4 
C4A 

aABCU^A + llA-C^A-CA) 
4b«(uaB*Ub*CMÖ»CB) 
X<»A-UMC4A*0T 
x^d-uPCaR^üT 
■XA-X3 
■XB-Xl 
XlNP(U3»()Ü2»ÜX2»DX 
xlNP(EJ»n£2»ux2»nx 
»   XlNP(P3»   0P2.    DX 
■ EoSTHo'.2. EA» P 

«   tQSTCQ(2.   LA.   RH 
» EuSTPf(2. EA. R 

A * EOSTPEC?» E4A» 
XUP(OJ.nU2>UX2*DX 
X1NP(U1»DU1.UXl»OX 
XlNP(El.nEl»UXl.DX 
« xiNPtPi»  nPi.  ox 
« EOSTKOCI» EH. P 

« EQSTCQ(1» LB. RH 
» EöSTPEU» EB. R 

b * EüSTHt(I. E«B» 
XlNP(Ql.nUl.UXl,OX 
■ Ü3 

Q? a 

MB « 
4A « 
4B 3 
4A a 
CUMB 
COMA 
Mb a 
MA a 

TlNUE 

(RHfl*CH ♦ RHM 
(rtHA*tA ♦ RHM 
{ÜB«Cd/XlJ ♦ U 
(UA*CA/XA ♦ U 
a (Ptri*Ub/(RH 
a (PEA«UA/(RH 
(PEB*UB ♦ PEM 
{PEA*UA   ♦   PEM 

JMA a (P3/(RH3**?) 
2MB a (P?/(Rh2**2) 
P » (PB/RMCMB ♦ PA 

UCXMA) ♦ P 
) 
P a P4AP 
NT 2000.XA.UA,PA,R 
NT ?00l.Xb,Ub.P8,R 
P a (pa - PA ♦ RHC 
MB   ♦        PE«iMH   ♦    (XM 

RHC4B) 
P a E3 ♦ PRH3MA«(H 
P a E2 ♦ PRH2MB*(R 
AP « E(JSTRa{2. E«A 
UP « EQSTHQC1. E4H 
P a EQSTCQ12» tMAP 
P   a   EOSTCQU»   EMBP 

A> 
AJ 
2»   OXA) 
M 
A»    PA) 
HM) 

«HMA) 
A) 
H) 
H> 
1»    OXB) 
H> 
H»    PB) 
Hü) 

^HMB) 
B> 

B*CtB)/?. 
A*C4A)/?. 
aü*CaB/XMB)/2. 
aH*CMA/XMA)/2. 
B*CB)    ♦   PEMB*tiMB/(RHMR»CaB) )/?. 
A»CA)    ♦   PEMA*OMA/(RHMA*CMA))/?, 
BÄQaB)/2. 
A*0MA)/2. 

♦fMA/tRMMA*«2))/2. 
4fM8/(RHMb»«2))/2, 
/^HCMA   ♦   UB   -   UA   ♦   (-(XMU   -   l.)*(UCr4H 
RV-QMB   ♦   P   RCuMA)*DT)/{ I ./RBCMB   ♦   l./RH 

H«,EA 
H^l.Ed 
ao*UQ ♦ HHCMA*UA ♦ {-(XMU - l,)*UCXMrt» 
U - 1. )*UCXMA«RHC4A • PEU*A)»OT ) /(HHCM 

H^A - RH3) ♦ 034A«DT 
H^B - RH2) ♦ ä2«d*0T 
P» PMAP) 
P» PMBP) 
. RHMAP. PMAP) 
. RHMBP, P4BP) 
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AbSUPaAP   -   PM/U/P^A)    .GT.   TOD 
AbS(U4A)   .LTi   TQL1>   GO   TO   40 
AbS((U4AP   -   Ui»A)/U^A)    .(iT.    TOD 

4Ü   IF(   ABS((E4AP   -   E4A)/E*4A)    »GT»   TflL) 
AäS((E4HP   -   E4B)/E'»B)    »GT.   TUL) 

• HH«A)>'RH*A)   »GT. 
• KH4Ö)^RH4B)      - 
GU   TO   7 

GU   TO   3 

GO 
GÜ 
GU 

TOD 
TOD 

TO 
TO 
TO 
GO 
6» 

IF( 
in 
1F( 
IF( 
1FI 
IF(   AbS((RH4AP 
IF(    AbS((HH4BP 
1F(K   ,LT»   DM) 
PRINT  HO 
GO  ro 6 
UftA»(U4AP*04A)/2. 
UijH«U<»A 
C4A-(C4AP*C4A)/2» 
C4H«(C4BP«C4B)/2« 
H4A«(P4AP*PaA)/2. 
P4Ö   »   P4A 
HH4A«(RH4A*RH4AP)/2. 
HH4B«(RH4H*RH4HH)/2, 

t4A«(E4A*E4AP)/?. 
LaÜa(£4H*E4HP)/2« 
L   «   2 
PRINT    100»    I»I?»X44A»lMM»C«A#P4A#RM4A.taA»L 
L   »    I 
PRINT 
K    a    K 
liU    TU 

ENU 

3 
3 
3 
TO 
6* 

100»    [>I3»X4B*U40.C4ß*P4B»RH4H»E4K*L 
♦    1 
1 

UF    ITERATION   LOOP 
U(2*I2)SU4AP 

U(2*IJ)«U4AP 
PC2»I?)«H4AP 

P(2»I3)»P4AP 
C(2»l2)aC4flP 
C(2»IJ}>C4AP 
E(2»I2)«E44P 
E(2»I3)«E4AP 
KH(2»12)«RH4bP 
KH(2»I3)«RH4AP 
0(2*    12)   »   0. 
0(2»   13)   «   0. 
X ( 2»I 2 ) • X   A 
X(2*Ii)«X4H 
KETURN 
END 

SUBROUTINE   NUN01M 
COMMON/INI T/PIl.UIl»RHll »ETl#CIl,on.PI?»UI2,RHI2.EIJ.CI^.O 

112 
COMMON/N0M/PÜ»RMO.E0.C^ 
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tllMM 
CllMfl 
PO«H 
KHO« 
LO«t 
to«c 
TT«r 
OTT« 
TTMA 
^11» 
KHll 
Uli 
CI1 
til» 
HI?« 
KHI2 

UI2 
LI2 
LI?« 

LNl) 

UN 
UN 
II 
KM 
II 
11 
T« 
OT 
X« 
HI 
s 

El 
PI 

/nTTS/üTT 
/NÜ'IH/TT.TTHAX.X^Z 

II 

CO/XXZ 
T*CU/XXZ 
TTMAX^Cü/XXZ 
1/(HH0*C0*»2) 
PHI1/KMO 

UI1/C0 
CII/CO 
J/CÜ««2 

RHIP/KHP 
UI?/CO 
CI2/CO 
Ü/CÜ**2 

ÖUO 
Hill 

«02 
H1Ü 
«12 
«1 a 
ölb 

«?0 

OP'S 

Ö10 

rtal 
rta2 
öa3 

5UbKULI 
COMMON 
1000). 
COKMUN 
COMMON 

COMMON 

COMMON 

UlHENi. 
FOHHAT 
FORMAT 

FUHMAT 
FlJKMAl 
FORMAT 
tOHMAT 
FORMAT 

la. 

1  " HL 
FORMAT 

l INTEH 
FORMAT 

l "» U) 
FORMAT 
FORMAT 
FORMAT 
FORMAT 
FORMAT 

TlNt PTAUNC 
/GAIN/ y(2»1000)»X(2»lOÜÜ)»U(2»10ÜO),C(2»lOüO).HH(<>.l 

£(?.10Üü)»P(?'lOüO) 
/TIMUU/ UT.UOI .»JU?» I »XMU 

/NOCON/ Ibl. IS?» IS3. ISa, INT1. INT2. IFF 
/OTTS/ OTT 
/NNtWW/KSMUCK 
ION MFI looo). MA*, IOOO 

(1H .l?.lX.Ia,3X»<S(E15,ä.2X).I?) 
(IM   .lOX.U."   POINTS   BEIINÜ   ELlMlNATrO") 

C1H   .1ÜX.M."   POINTS   BF1NÜ   AnDEl)w) 
(11X.    "      POINT   F»-IMlNATtD   AT   { 1. ••.    U»    ")«) 
(11X.   "   NO   POINT    BEING   ADUED.") 
(11X.   "   NEGATIVE   NUMBER   OF   POINTS   AOnEU«") 
(11X.    14.    *   POIN'S    BETWEEN   KK   a".    U.    w    AND   KK    a", 

ING AOUtn.") 
(11X, w POINT AT KK «"# 14. *   BEING ELIMlNATFl) UUfc 10 
SECTION WITH SHO^K WAVF") 

( 1H »10X.U."POINTS AÜDEO BET. KK *   ".U." ANU K* = 

(" 
(" 
(" 
(" 
(" 

. 15. •• ANO IN «". lb) 
) 

♦ «♦♦♦*••) 
«♦♦**♦*" ) 
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ÖSÜ FQRMATC" OTMAX 

öftO FuRMATC NN ■" 
lü()0 FORMATC" IS1 ■ 

l 15»    " ISJ 

"» EP.8. " 

15» " IS? ■ 
IS. IS4 

Tt ■ 
2X)) 
»15» 
■ ". 

'•» E15.8) 

" INTI ■'♦.15. 
15. "  IHM ■•'i 

CiUsO 
ClÜftü 
C 
C 
Cl IOÜ 
Cl 1 10 
CiSCiO 

c 

^0RMAT(4E15.8) 
FQRMAK  ••  Ed.J) .-.tiS.H. 

■-»E15.Ö. 

INT? 
15) 

P( l»J) «"»ElSiö»" RH(1.J) 

1 xci.j) «•».E^.a." J 
ji 
DT 
IFF 

15» 5<. w 

* £15*8) 
■". 15» iOX» 

■ ••. 
»15) 
J ■-, 15. 5X, ÜT ■••» E15.fl) 

ÜT ■". E15.8) 
CCl.J) ■••. El5i8» " ECl.J) ■••,E1S.8»,• P(l.J) =" 

X(l.J) «M.E15.8.W J 15) 

FQHMATC« 
FURMAT{" 
FQRMATC 
FORMATC«« 

E15.8. 
1 w RHC1.J) ■H»El5i8»w 
XLINPCV1. OV» OX. OY) ■ VI ♦ ÜV*OY/l)X 
UINPC V?. nvl» ÜV2» 0Y> ■ V2 ♦ CDV2*üXl**2*üVl*f)X?**?)* llY 

1/ C      ÜXI«UX2*CDX1 ♦ 0X2)) ♦ C-DV1*0X? ♦ ÜV2«DXl)*C  HY 
2 )**2/C0XUnX2   »(0X1 ♦ 0X2)) 

IFCi    .GE.      ^)      ÜHlmUyr 
IFU    .EQ.I)   ÜTl«DT 
IFCÜT   .(iT.   OTl)   DTUOT 
OTT   «   .005 
OTl 
iF(I 
IFCUTI 
TMIN   » 
TMAX    a 
TrtAX    ■ 
TMIN   ■ 
TMAX   « 

0T*6./5. 
«Eu* 1) UT1 

«GE« OTT) 
■ OT 
OTl « OTT 

0.8 
2.Ü 
2.0 

100.0 
TMAX«S«Ü 

TMIN *   0,9 
TMAX ■ 3,0 
0TM1N • TMlN*ÜTl 
UTMAX « TMAX*ÜTl 

iu)  FoRMATClH .«'DTMlN«,,.El^.fl»««DTMAX»'«.El5.8) 
IFFl « IFF 
IK ■ 0 
IS1M1 • ISl - 1 
KKMl « 1 
1SIM2 «151-2 
lFCKSHÜCK.Eo.1) (iü TD ^00 
IFCISIM^ ,LE. 1) IS1P ■ ISl 
IFCISIM? ,LF. 1) GO TO 15 
00 10 KK « 2» IS1M1 
1FC1K .Eü. C1S1 - 3)) lio TO \7 

V TE « ADTCKK» KKMl) 
IFCTE .tiT. OTMIN) GO TU 8 
IK ■ IK ♦ 1 
MECIK) a KK 
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«n TO 15 

T^J 15 

INTI) GO TO ?4 

GO TO 10 
8 KKMl ■ KK 

1Ü CüNTlNUf 
IS1P ■ ISl - IK 
IF (IK ,E0. 0) GÜ TO 
iFCMEdK) .EU. 1S1M1) 

11 Tf . ADTCIS1. IblMl) 
IFCTE .6T. OTMIN) GO 
IK • IK ♦ 1 
ME(IK) *   isiMl 

\7   CQNTINU- 
1S1P ■ ISl - IK 

15 CONTINUE 
IS2H1   -   IS2   ♦   1 
INTIMI > INTI - i 
IFdS^Pl   .Eo. 
K<M;    a    IS2 
UU    Tl!   401 

aoo   IS2P1-2 
INTIMUINTI-I 
ISlH«Ii>l 

401      CONTINUE 
UQ   iJO   KK   •   IS2PI.    INTIMI 

16 IE    »    AtmKK»    KKMl) 
lF(Tt   .GT,   nTMlN)   GO   T^J   19 
IK   •   IK   ♦   1 
MEdK)   a   KK 
GO TU 20 

19 KKMl m   KK 
?U   CONTINUE 
?'i   CONTINUE 

INTIP * INTI - IK 
IF ( IK .tO, Ü) GO TO ^1 
IF(ME(IK) «EU. INTIMI) GO TO 25 

?i   TE ■ ADTdNTl» INTIMI) 
IF(TE .GT. OTMIN) GO TtJ 25 
IK • IK ♦ 1 
MEdK) *   INTIMI 

?4 INTIP ■ INTI - IK 
?5 CONTINUE 

INT2PI a INT2 ♦ I 
IS3MI -153-1 
IF(INT2P1 ,EU. IS3) GO TO 32 
KKMl a INT2 
IF ( INT2P1.EQI IS3MI 

00 30 KK ■ TNT2P1» IS3MI 
76   TE » AOT(KK. KKMl) 

IF(TE .GT. OTMIN) GO T^ ?9 
IK   «   IK   ♦   1 
ME( IK)   a   KK 

)   GO   TU     31 
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(iO TO 30 
V9 KKMl ■ KK 
3Ü CONTINUE 
U CONTINUE 

IS3P • IS3 - IK 
IF ( IK ,EQ. 0 ) Ü0 TO 34 
IF(MECIK) .EQ, IS3Mn «n TO 

34 TE ■ ADT(IS3» rS3Ml) 
IF(TE .GT. OTMIN) GO TU 35 
IK ■ IK ♦ I 
MECIK) • IS3MI 

32 IS3P ■ IS3 - IK 
35 CONTINUE 

IS4P1 « isa ♦ i 
IFFM1 « IFF - 1 
KKMl m    IS4 
Ü0 40 KK » IS4P1» IFFMI 

?6 TE ■ AÜT(KK. KKMl) 
IF(TE »GT. DlMlN) GO T^ 39 
IK ■ IK ♦ 1 
HE(IK) ■ KK 
GO TO 40 
KKMl ■ KK 
CONTINUE 
1FFK « IFF 
IFCIK »EO. 
IF(ME(IK) 
TE » AOT(IFF# IFFMI) 
IF(FE «GT. OTMIN) GO TU 45 
IK « IK ♦ 1 
ME(IK) ■ IFFMI 
IFFP « IFF - IK 

«5 CONTINUE 
1S1 ■ IS1P 
END OF ELIMINATING POINTS. 

IS1P ♦ I 
IS3P 
IS3P ♦ 1 
INT1P 

35 

4 V 
aO 

al 

- IK 
0) GU TO 41 

.EU. IFFMI) an TO 45 

152 » 
153 « 
154 » 
1NT2 1 

«   INT1P 
••   IFFP 
IK    .EQ, 
I 

INT1 
IFF 
IF   C 
JK   « 
K   «   1 
Ü0   55   KK   ■   1»IFH 
IF    (    ME(JK)    .EO.   KK 
P(    I.   K    )   ■   P(    1   » 
U   (    l.K)    »   UCl.KK) 
KH( 1 »    K    )    ■   KHd.KK 
E(1*K)    «   E(l.KK) 

Ü)      (iO   T(l   56 

)  ^n 
KK) 

) 

TO   53 
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S3 

S5 
•S6 

4H 
ttV 

su 

C(1*KK) 
Q{ 1»KK) 
X(l»KK) 

IK) GO Tn '55 

0) QU 
1. IK 

I.IFF 

TU «9 

(SU 

*?{) 

*♦?! 

C( l»K) ■ 
U( 1*K) « 
X( 1»K) ■ 
K ■ K ♦ I 
ÜÜ Tu 5S 
CONTINUE 
IF C JK .EO, 
JK ■ JK ♦ I 
CONTINUE 
CONTINUE 
IF (IK .EO. 
DO 4« J • 
CONTINUE 
CONTINUE 

PRINT dOO» I.J»x(l»J).U(Uj),C{UJ).Ptl.J).RMCl»J).E(l.J)»L 

ADÜ POINTS STAMTS, 
IK » TOTAL NUMbER OF POINTS TU til   AUOED. 
IFCIKF .GT. 0 ) GO TO 100 

IK ■ Ü 
IF(KSHOCK.EO.l) üU TO *70 
UQ 6U KK ■ ?» IS1 
KKMl ■ KK - I 
MA(KKMl) « IK 
TE *   ADTCKK, KKMl) 
PH1NT 6«iO»nTMAX» TE 
IF(XCI.KK) .LT. Ü.9E0**(1.IFF)) GÜ TO 60 
IFUCUKK) .LT.Ü.99E0*^(l»IFF)) GÜ TO 60 
ÜTMAX«3.0E0*ÜT 
iF(TE .LT. OTMAX) GO T^J 60 
NN - (X(l. KK) - X(l, AKMl))/((C(l. KK) ♦ 0(1. KKMl))*nT)*? 

1. 
IFCNN .LE. 1) GU TU 60 
IK » IK ♦ NN - I 

CONTINUE 
MA(lSl) « IK 

1SIP ■ ISl ♦ IK 
IS2PI ■ IS? ♦ 1 
GO TO 4?l 
IS2P1«2 
CONTINUE 
U(J 65 KK » IS2PI. INT1 
KKMl « KK - 1 
MA(KKMi) ■ IK 
TE ■ ADKKK. KKMl) 
UTMAX«1.«E0«UT 

iF{TE .LT. OTMAX) GO 
NN « CX( 1» KK) - X(1. 

TU 65 
*KMl))/((C( I. KK) ♦0(1» KKM1))*IU )*? 

I 
1F(NN .LE. 1) GÜ TO 65 
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1 

^ 

TU 70 

Joy 

ru 

IK ■ IK ♦ NN - 1 
CONTINUE 
HA(INTl) ■ IK 
INTIP ■ INT1 ♦ IK 
1NT2PI • INT2 ♦ I 
Üü 70 KK ■ INT?Hl» IS3 
KKMl ■ KK - 1 
MA(KKMl) ■ IK 
TE ■ ADT(KK. KKMl) 
1)TMAX»3«0E0*UT 
1F(TE .LT. DTMAX) GO 
HH   *    (X(1. KK) - X{1, 

1. 
FORMAKIH ."KK»"» 
IFCNN »Lit    1) GU 
IK ■ IK ♦ NN - I 
CONTINUE 
MA(IS3) « IK 
1S3P ■ ISJ ♦ IK 
IS4PI » IS4 ♦ 1 
ÜÜ 75 KK « IS4P1. IFF 
KKMl « KK - I 
MA(KKMl) » IK 
IFCIFF .QT. 0.) GO TU ^ 
TE « ADTUK, KKMl) 
IF(TE »LT. DTMAX) GO TU 75 
NN *    (X(l» KK) - X(l. KKMI))/((C(1. 

1. 

U,"NN.",H,"TL«"»E15.8. 
TO 70 

KK) ♦ C( 1» KKMl))*nT)»? 

nTs,'.El5,ö) 

KK) ♦cd» KKMin*nr)*? 

IK 
♦ IK 
,«lFF«n#l4#KlFFP«,'»l4»BlK«,,»U) 
.üE. 1) GO Ifl 76 

IFCNN ,LE. 1) GU TO 75 
IK « IK ♦ NN - 1 

rb CONTINUE 
MA(IFF)   * 
IFFP   a   IFF 

Jüi      FORHATUM 
IF(MA(IFF) 
üO   TU   77 

fb   X(1.    IFFP) 
IFFP) 
IFFP) 
IFFP) 

IFFP)   ■   RM( 1.    IFl" ) 
IFFP)   «   C(l»    IFF) 
IFFP) ■ U(I»  IFF) 

TT CONTINUE 
K   >   IFFP 
UO   du   KK   ■   ?»IFF 
IN   «   IFF    -   KK   ♦    1 
NPT   ■   MA(IN    ♦    l)    -   MA(IN) 
K   •   K   -   NPT   -    1 
X( 1»    K)    s    X( 1*    IN) 

U(l* 
Ld» 
HHd 
cd» 
U( 1* 

X( 1* 
Pd. 
U( 1* 
Ed. 

IFF) 
IFF) 
IFF) 
IFF) 
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^(U K) ■ P( 1» IN) 
U( I»    K> m    U( 1* IN) 
E( 1» K) M    £( 1, IN) 
HH(l» K) ■ HMd. IN) 
C(1* K) m   C( 1. IN) 
U(l« K) » Q(l, IN) 

HO tONTlNUf 

CALCULATE PRÜPFHTIES AT ADDEf) PTS 
KCHCK • I 

IF(KSHOCK.tU,l) KCHCK.2 
K « 1 

rV Uli TO (HI* ft?. d3» H4)»KCHCK 
Hi rtl « 2 

M? ■ IS1 -1 
GO TO VO 

H? Ml « IS? ♦ 1 
lF(Ki>HnCK.ru.l) Ml«? 

M2 « 1NT1 -1 
IF(M1 ,EQ, INT1) (it) Til 9? 
UU 10 vc 

MJ Ml s INT2 ♦ 1 
M? ■ IS3 -1 
IFCMJ ,£«, ISJ) GÜ Tl) ^3 
GO TO VO 

H'* Ml ■ 1S4 ♦ 1 
M? > IFF -1 
IF(M1 ,EQ, jFF) liU Tfl V« 

^Ü CONTINUE 
UO 06 KK « Ml» M2 
NPT2 « MA(KK ♦ 1) - MA^KK) 
NPT1 a MACKK) - MA(KK - 1) 
K«K*NPTl*l 
IFCNPTI «EQ. ü) ÜIJ TO dft 
IFCNPTI .LT. Ü) PHINT OH 
XPI *   NPT1 ♦ 1 

UX ■ X( 1. K) - *ll» K * NPT1 - 1) 
UYI » -nx/xpi 
uxi ■ ox 
UX2 ■ X( 1, K ♦ NPT2 ♦ M - X( 1» K) 
Dy c un 

00 Ö5 IA ■ 1» NPU 
^2 « P(1, K) 
U2 ■ U(1, K) 
E2 ■ L(l» K) 
KH2 ■ RHl1. K) 
«? » Uli. K) 
C2 ■ C(1. K) 

DPI = P(l. K) - P(U K - NPT1 - 1) 
0U1 = UC1. K) - Uli, K - NPTl - 1) 
UEl « F(1. K) - t(l. K - NPTl - 1) 

83 

A-.-jH^JbA  --,?•:; li  aZi.ti  i :..,.ji. '.:%■„,:,., „i..wJI..Jt-       , 



ÜRHl 
DQI m 
UC1 « 
ÜP2 ■ 
ÜU2 « 
DF2 ■ 
ÜHH2 
0Q2 « 
ÜC2 ■ 
PCI» 
U( 1* 

£(l. 
HHd. 
U( 1* 
C( 1« 
X( 1* 
XI A * 
l)Y « 

rt5 

H6 

w2 

-V6 

K) 
K) 
K 
K 
K 

• RH(1* 
0(1* 
C( 1* 
P(l# 
IJ(1* 
Ed. 

■ RH(1# 
0(1* K 
C(l* K 

K - IA) 
K • IA) 
K - IA) 
K - IA) 

K - IA) 
K - IA) 
K - IA) 
IA ♦ 1 

t)Yl*XlA 

K) HH( 1» K NPTl 1) 
K 
K 

'0(1* 
• Cd* 
NPT2 ♦ 
NPT2 ♦ 
NPT2 ♦ 
♦ NPT2 
NPT2 ♦ 
NPT2 ♦ 
ylNP(P?» 
ÜlNP(U2' 

- NPT1 
- NPT1 

1) - 
l) - 
1) - 

♦ 1) 
1) - 
1) - 

DPI* 
nui« 

n 
n 
K) 
K) 
K) 

Pd» 
Ud* 
td# 
- RH(1* 
0(1* K) 
C(1* K) 

DP2* 
UU2. 

K) 

DY) 
DY) 

UINP(£?» 0£t* Ü£2» 0Y) 
QlNP(Rrt2* 0RH1* DRH2* 

UlNP(0?* 001* Ü02» DY) 
ÜlNP(C2» DCl* ÜC2. DY) 
Xd* K) ♦ ÜY 

OY) 

92» 93» 94)' KCHCK 

PRINT aoo» 
CUNTINUE 
J « K - IA 
CONTINUE 
ÜU TO (91. 
M3 « IS1 
Qfi TU VA 
M3 » 1NTI 
GO Tu ^6 
MJ ■ IS3 
tiü TU 96 
ÜO TU 9fl 
CUNTINUE 
NPT2 » MA(M3) - MA(M3 
K » K ♦ NPT? ♦ l 
1F(NPT2 .LE. 0) ÜU 
XH2 » NPT2 ♦ 1 
UX ■ X( 1 . K) - X( 1 , 
UYl «-ÜX/XP? 
UY = UYl 
Ül) 95 IA ■ 1* NPT2 
H2 » P(1» K) 
U? ■ U(l* K) 
t? « t(1. K) 
HH2 « RHd* K) 

I.J*X(l*J),ü(l.J).C(l*J).P(l.J)*RHd.J).E(l.J)»L 

1) 

TO •*? 

NPT2 l) 

02 « U( 1* 
C2 « C(l. 
UP2 ■ Pd, 
0U2 ■ U( 1 , 
ÜE2 « Ed* 

K) 
K) 
K) 
K) 
K) 

ÜHH2 
UO? i 

« RHd, K) 
0(1. K) - 

K - NPT2 - 1) 
K - NPT? " 1) 
K - NPT2 " 1) 

- RH( 1» K - NPT2 - 1) 
U( 1, K - NPT? • 1 ) 

P( 1 
U( 1 
£(1 
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c 
(. 
c 

c 
(. 

- C(l* 
K - IA 
J 
J 
J 
J 
J 
J 

K) - C(l» K - NPT2 - I) 

) 

XLINP(P2» 
XLINP(U2» 
XLINP(E2» 
XLINP(Q2. 
XLINPtC2» 

• XLINP(HH2. 0RH2» 

X(l» K) ♦ DY 

DP2. 
0U2. 
0£2* 
Ott2» 
0C2* 

ÜX» 
ux* 
DX* 
ux* 
ÜX* 

DY) 
DY) 
DY) 
DY) 
DY) 

DX* DY) 

ÜC2 
J ■ 
H(l» 
U(l> 

t(l» 
U(l« 
cd, 
HH(l 
X( 1* J 
XIA « IA ♦ 1 
UY a DY1*XIA 
HHlNT 000, I,J,XCl,J),^(l*J)*C(l.J)»P(l,J)*HH(l.J)»E(l.J)»L 

v5 CuNTlNUE 
g? CQNTINUC 

K ■ K ♦ I 
KCHCK ■ KCHCK ♦ I 
IfCKCHCK .LE. 4) ÜQ Tl) 79 
COMPLETE AÜÜ PTS. 

gll CUNTlNUE 
ULI 101 ja?» IFF 
!F(MA(J) .E(J. MA(J-l)) GO TO 101 
N ■ MA(J) - MA(J-l) 
JMl « J • 1 

101 CUNTlNUE 
I Si « I SIP 
152 « IS1P ♦ I 
153 » IS3P 
154 ■ IS3H ♦ I 
INTI ■ INT1P 
1NT2 « INT1P 
IFF ■ 1FFP 
PHINT lüOO, 
Un 99 J . I 

49 PHINT 800* 
10Ü CONTINUE 

UO *5ü j « 
?^Q   PRINT BOO» 

1 

IS2, iNTl* INT2* IS3, IS4. IFF IS1* 
, IFF 
I,J,X(l,J),»J(l,J),C(l,J),P(l,J),HH(l,J),E(l.J).L 

XIS1 
XISJ 
X(S2 
XIS4 
XINT 

IK 

X(l* 
X(l* 
XIS1 
XIS3 
X(l* 
NO 

ME(IK) 
IK « u 
IF(KSH0CK«EQ*1) 

ISIM1 a ISl - 1 
IF ( UU1 .GT* 0. 
UQ 105 KK • 
XD ■ XlSl - 

I* IFF 
T,J,X(l*J),U(l,j),C(l*J)*P(l*J)*RH(l,J),E(UJ)>L 

ISl) ♦ UUI*0T1 
1S3) ♦ UÜ?*nTl 

PTS 
.   PT 

INTI)   ♦   U(l,   INT1)*UT1 
ELIMINATED« 
OF   ORIGINAL   NO BEING   ELIMINATED 

GO   TO   116 

)   GO   Tn   107 
2*    1S1M1 
(X(1*   KK) ♦   U(l*   KK)*üTl) 
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105 

107 
no 

115 
116 

1?0 

l?5 

1^7 
no 

1 ^5 

UÜ 

GO '0 116 
INTIMI 

♦ U(l»KK) 
* U( l»KK) 
US 

iF(XD .f.T. 0#) (iQ TO l^S 
lK ■ IK ♦ I 
MEllK) ■ KK 
CONTINUE 
IS1P ■ IS1 - IK 
GO TO 116 
iSlH *   151 - IK 
CONTINUE 
1S2P1 • IS? ♦ 1 
INTIMI ■ INT1 " 1 
IF ( UUl .LT. 0. ) 
DO 115 KK • iS2Pl. 
XO • XlSl - CX(l.KK) 
XO ■ XlSl - CX(1»KK) 
IFC^D .LT, 0.) tiü TO 
IK ■ IK ♦ 1 
ME(IK) *   KK 
CONTINUE 
CONTINUE 
INTIP » INT1 - IK 
CONTINUE 
INT2PI ■ INT2 ♦ 1 
IS3MI ■ IS3 - 1 
IF I UU2 .GT. 0. ) GO Tn 127 
UO 125 KK a INT2P1# IS-*Ml 
XD ■ XlS3 - I Xll»KK) ♦ U(l.KK) 
XI) « XIS3 • ( X(1»KK) ♦ U(l.KK) 
1F(XD .GT. 0.) GO TO WS 
IK ■ U ♦ 1 
MECIK) a KK 
CONTINUE 
1S3P » 1S3 - IK 
GQ TO 136 
IS3P ■ IS3 -IK 
CONTINUE 
IS4P1 ■ isa ♦ 1 
IFFM1 » IFF •• 1 
IF ( UU? .LT. 0. ) GO '0 136 
DO U1» KK » ISaPl # IF^Ml 
XQ « XIS4 - (X(1»KK) ♦ UC1 
IF(XÜ .LT. 0.) GO TO l-»5 
lK « IK ♦ 1 
ME( IK) > KK 
CONTINUE 
CONTINUE 
1FFP s IFF - 
CONTINUE 
IF ( IK «EO. 
K ■ 1 
JK » I 

ÜT1 
DTI -Ü.GOIDO 

* DTI) 
♦ 0T1)   -0.00100 

KK)   *   DTD 

IK 

0)   GO   TO   Ul 
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c 
(• 

ÜQ 15Ü KK • 1* IFF 
IF C ME(JK) .tQi KK) 
P( 1* H) • P(l» KK) 
U( 1* K) • U{1. KK) 
KH(l» K) ■ HH(l» KK) 

GÜ TO 14b 

E(l. 
C(l. 
Q( 1» 
X(l* 

K) 
K) 
K) 
K) 

E(I* KK) 
C(1*KK) 
0(1* KK) 
X(l» KK) 

K « K ♦ I 
üü 1Ü ISO 

U^ CONTINUE 
IFCJK IEQ« IK) ÜÜ TO 00 
JK ■ JK ♦ 1 

ISO CONTINUE 
IFCIK ,f.Q. 0) GU TO 16* 

la6 CONTINUE 
UQ 160 J « 1* IK 

UO CONTINUE 
Ul iSl ■ IS1P 

152 ■ ISIP ♦ I 
153 • 1S3P 
154 ■ isae ♦ I 
INTI •   INT1P 
lNT2 ■ INT1P ♦ I 
IFT •   IFFP 
UO 251 J ■ 1 » IFF 

l^Sl PRINT 800. |.J.X(UJ).0(1»J).CCI»J)»P(1»J)»RHCI»J)»E(I.J)»L 
KETURN 
END 

I 

(• 
C 
c 
c 

bUbHOUTlNE   R*SHÜK(L»   I«,   MSR) 
COMMON/GAIN/   U( 2.1000)»XC2»1000)»U( 2»1000)»C(2»lOUO).HH( ?.I 

1000)* E(?»10U0)»P(?*1000) 
CnMMlJN/lNlT/Pn»un.HHlUEn.CIl.QIl.PI2»UI2»HHI2.El?.C17.0 

u? 
COMMON / SHK«« / UAR.c^H.HHAH.EaB.PaB.XAB.oaB   «uuu 
CllMMUN /SHKttA / 04 A »04^ «RHAA »E4A*P4A » X4A >U4A 
CdMHON/TlMUO/ OT, UUl. UU2. 1» XMU 
COMMON/RAwAV / XR( 30).^R(30).CRC 30).HHR( 30)»FH(30 ) .PR(30).R 
IHP(30) 
COMMON /CUN02/ PF I »OF I .RMFI »EFI.CFUQFI .PF2.UF2.HHF2.f F? . C 
IFp.äK?»  XF»XS 
COMMON/SINPT/ PI. Uli *HI, ^F» X2. PF. IRl. IR2 
IN   -  « OF INTERVALS» OIV. FUR PRESSURE.»   MS« « I 
RIGHT S 

AND LEFT RAwAVE.   MSR « 2   -  LEFT SHOCK ANÜ RIGHT 
KAKAVE. 
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NlT«lüO 
TflL ■ o.ooos 
HAXalOO 
IRI ■ 1 
IR2 • IN ♦ 1 
K ■ I 
PI ■ PI1 
ui ■ Uli 
Pa* • Pl2 
KHl ■ hHll 
HH4A * RHI? 
t4A ■ El? 
C4A ■ CI2 
U4A a ÜI2 
MS « 1 
MK « I 
LA»l 
LS»i? 
IF CMSR .EQ, 1) GO TO ^0 
MS ■ 2 
MR ■ 2 
LA"2 
LS*1 

1U CONTINUE 
PE » (PI ♦ P<»A)/2. 
PaB • PF 
CALL HAMAVE (LA»IN*MR) 
CALL SHOKfc.O(LS«MS*U 

lb CONTINUE 
U4H > (U4b ♦ UF)/2* 
CALL SHOKEO CLS»MS»2) 
PF ■ P4H 
CALL RAwAVE CLA*IN*MR) 
IF (AaS((U«H-UF)/UF) .»-T, 
IF (K .LT, NIT) GO TO  20 
GO TO 30 

VÜ CONTINUE 
bü TO \b 

10   CONTINUE 
INF ■ IN ♦ i 
Ü0 40 J « li INF 
X(1»J) ■ XR(J) 
P(I»J) * PR(J) 
U(l»J) s UR(J) 
L(I»J) » ER(J) 
HH(l»J) • RHH(J) 
C(1*J) * CRCJ) 
U(l#J) m   0. 

ao CONTINUE 
INTI ■ INF ♦ 1 
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992 

INT 
XC 
H{ 
HH 
E( 
U( 
C( 
U( 
X( 
e{ 
KH 
tc 
U( 
C( 
ae 
is 
is 
xi 
^( 
NH 
U( 
L( 
U( 
t( 
X( 
e( 
KH 
t( 
C{ 
U( 
U( 
Ix 

<s 
HFl 
un 
HHF 

tFl 
CFl 
QFl 
HF2 
Ufi? 
HHF 
k.F2 
cr2 
UF2 
FOR 
FOR 
IUT 
1 

2  ■ INTl t I 
INTD ■ XZ ♦ UF*0T 
INTl) • PF 
»INTD ■ KHH(INF) 
INTl) ■ tR(lNF) 
INTl) « UF 
INTl) ■ CR(INF) 
INTl) • 0. 
INT2) • Xn»lNTl) 
INT?) • PF 
♦INT?) « KH4b 
INT2) •  E<»H 
IN12) « UF 
INT?) ■ UB 
I NT?) > U. 
« INT2 ♦ I 
« IS3 ♦ 1 
1S3) » xZ ♦ ÜUU*OT 
lb3) ■ PF 
e I S 3 ) » H M 4 b 
I5>3) 
1S3) 
IS3) 
li>3) 
IS4) 
1S4V 
»IS4) 
IbU) 
Ib4) 
IS^) 
lb«) 

• 1 
« XCl. 
« x( t. 
» p(l 
» un 

I » RH 
■ t(l 

' UF 
• F^ö 
> 0* 
t cad 
> x(l»IS3) 

« HH4A 
t EMA 
i C^A 
i UHA 
i 0* 

INTl) 
IS3) 
INTl) 
INTl) 

I. I NT I) 
INTl) 

« Cll. INTl) 
« 0(1» INTl) 
« PC I. I NT 2) 
« U(W INT2) 

2 « RH(l, INT2) 
■ Ell» INT2) 
« Cd» INT2) 
« Q(l» INT2) 

MAT(IH0.15»,)X»6( IPE^.S)) 
MATUMl»"THES£ POIN'S DEFINE THE INITIAL SINGULARITY AHII 
THt INTERFACf/ 

lHO»,,POINT NO« "»7X»WX"»UX»••U*»UX»"C"»1^.', 
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iH"»13X."RH"»Ux»"E"/ lr1 .'•RAWErACTinN IN «FGIUN ONE") 
H?H   KnRMATdH .«•INTLKFACE"^ 
9/5 KüRMATdH »"SHOCK IN HtQlQN TWO") 
v?6 ^üRMAT(lHÜ»''SHOCK VELO^ITY n#lPEl5.8) 

HRINT V?? 
A.l.O 
DU 50 J«1#IS1 
ir(J.fcQ.lNTl)H^INT 92a 
IF(J.EÜ.IS3)PrtlNT 925 
HklNT 914»J,A.U(l.J),Ctl.J)»PU»J)»RH(l.J)»E(l.J) 

SO CONTINUF. 
HHlNT 926.UUU 
RETURN 
LNÜ 

c; 
( 
L 
c 
( 

1()U 

lunU 
101 

bUBKOUTlNE RAwAVtCL. I1^. MR) 
CUMPUTE RAHEFACTKlN "AVE. 
RHI. PI. uU INITIAL PROPERTIES. 
PM PRfSSUHt AT CONTACT LINE. 
IN» NO, OF INTEHVALS TO HE UlVlDED FQR PRESSURE, 
MM » 1, LEFT RUNNING WAVE» MR « 2» RIGHT RUNNING WAVE. 

CUPMON/RAWAV / X( JO).U^30),C(30).HH(3Ü).E(30).P(3Ü).RHPMO) 

CUMMON/SlNPT/ F.. UI, rtHl. UF, XZ» PF, IR1. IR2 
COMMUN/TIMUU/ OT» UU1. UU2. I» XMU 
KnHMATl"  NOT CONVERGING IN RAWAVE ON N ■'♦» 12) 

16X»   "C".    17X.    •»P".    17X.    "HH".!^ Ff]HMAT(l2X.    "X".    16X.      U' 
IX,"L") 
FuRMAT(aX.   ftCLlb.rt»   ?X>.   IP) 
FyPMAfdH   ♦"RÜUTINE   RAHAVE L»,,»I3» 
FüL   »   Ü.OOOl 
MAX»1U0 
SIGN   «   -i, 
IF(MH    ,FQ,    ?)    SIGN    a       1. 

OtFINF    PWnPLRTlLS, 
Pd) ■ PI 
U{ 1)    ■   UI 
HH( I )    =   RHI 
E{ 1 )    »   EilSTFU(L.    HHI.   ''I ) 
C(l )    «   E(JSTCUCL.    t( 1).   HHI.    PI) 
X(l)    »   XZ    ♦    IU(1)    ♦    SI«N*CC1))*0T 
KIN «  IN 

UP   »    (PF    -   PD/XlN 
INF    «    IN   ♦    1 
UO   b    N   a    P.     INF 
P(N)    *   P(N-l)    ♦   UP 
XINF    »   INF 
UU   25   N   «   2.    INF 

ASSUME    VALUES   FUR   VA^IAHLES. 
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10 

lull 
llH 

1< 

-^0 

71 

^11 

^m 

10 to 

V? 

?5 

no 
^o 

• i 
RH(N)»R 
(N) » C 
HC ■ KH 
CALCUL 

UNTINUE 
HC » (R 
HH « (P 
(N) m   S 
(N) 

HPCN) 
(N) ■ f 
ORMATd 
ORMATCl 

r{ AöS( 

Ü TU ?2 
ONTINUE 
F(K .LT 
KINT IO 
ü TU i"? 
U TU 30 
UNTINUE 
KK «CE 
M(N)«( 
U TU 21 
E«UH-U( 
FRH^Ü.1) 
H(N)*HH 
F(UP .L 
E-FF/UP 
ONTINUE 
AL«TUL« 
F( AdS( 
URMAU I 
UNTINUE 
(N)»tOS 
P«U(N) 
■ K ♦ 

U TU 10 
ONTINUE 
(N) a X 
RINT 90 
UNTINUE 
F « H(I 
F c U(I 
UKMATCl 
ETURN 
NU 

H(N-n • (I.*l»/XINF*SIGN) 
(N-l) 
(N-1)*C(N-1) 
ATION OF PROPERTIES. 

H(N-1)«C(N-1) ♦ RH(N)*C(N))/2. 
(N-l)/(HH(N-l)**2) ♦ P(N)/(RH(N)**?))/2. 
IGN*(P(N) - P(i,<-1))/RHC ♦ U(N-l) 
PRH*(RH{N) - Rrt(N-l)) ♦ E(N-l) 
EOSTHOCL» E C^)» P(N)) 

QSTC«(L» E (N)» RHP(N)» P(N)) 
H .••HHP(N)■•♦»EiS.8»,•  C(N)»W.E15«6) 
HO»"RMP«

,,
»E13.ö,«E»'

,
»E13I6.

,,
U«

,,
.E13.6» 

.•♦RHC»'«.E13.6»,'PRM«''.E13.6) 
(RHPtN) - RH{NM/RM(N)) .GT. TOD 60 TO 20 

. MAX) 
0» N 

üU TO ?A 

. IS) GU TO 21A 
RH(N)*RMP(N)) / 2, 
? 
N) 
EÜ«SIGN*C(N)*(^(N)-P(N-1))/RHC»*2 
{r<)-FF / FFRH 
T. 0.1E-6) GO [0 2111 

l.E-Z 
Ff ) .LT. TAD «0 TO ?2 
H »••RM(N)»"»EP«fl»,,FF»,'»Elb.8»"FFHH«,,»F15.8) 

TCO(L.ElN)»RH(lM»P(N)) 

I 

Z ♦ (U(N) ♦ SI«N*C(N))*UT 
0 

NF) 
NF) 
H .' Pf a  "»tis.fi,«   UF m      "»El«).«) 
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äuBRQüTlNt: REFLtKdSl» XUU) 
SUBRÜUTINF TO CHECK «EFLECTION Of SECOND SHUCK. 

CCIMMUM/GAIN/ ü( 2 »1000) * X( 2»1000) *U( 2* I GOO) »C ( 2 * 1000) »KHC ? • I 

1000)*    E(?*1000)»P(?MOOO) 
CüMMON/TIMUU/ Of» Uül. UU2» I»XMU 
XUU ■ X(1* IS1) ♦ ÜUl'^T 
RETURN 
END 

öfiO 
Mol 

SUBROUTINE REKLSK(L) 
SUBROUTINE fQH   SHOCK REFLECT AT THE CENTER. 

COMMÜN/GAIN/ ä(2»1000)•X(2.1000).U(2.1000)»C(2» 1000).KH( ?.1 
1000).    E(?*1000).P(2MOOO) 
CQMMON/TIMUU/ OT. UU1. UU2» I» XMU 
CüMMON/NOCON/ IS1» IS2» IS3» ISO» INTI» INT2» IMAx 
COMMON /SHK4A / U4 A » 04* .RH«A .E4A .P4A » X4A .(MA 
COMMON / SHK4H / U4H*C^fl*RH4B.E4B*P4B*X4B«Q4B»UUU 

CQMMON/SHKI/ EP 
fORMAK"  SHUK BEING R^FLECTEO AT THE CENTER") 
FORMAIC" 
IVELUCITY UF THE 

tt02 FQRMATCIH * 12» 
«Oi FQRMATC1H , 12» IX» 

L ■ 1 
XM ■ -Uul/C(I» 152) 
uul ■ -uui 
X(2» IS2) » X(I» IS2) 
^(Z. IS?) «PCI» IS2) 
U(2, IS?) ■ U( 1» IS2) 
KH(2» IS?) ■ WM(1» IS2J 
E(2» IS?) »Ed» IS?) 
C(2» IS?) > C( 1» IS?) 
0(2» IS?) »0(1» IS?) 
U4A > U(2» Iä2) 
C4A *   C(2» IS2) 
HH4A ■ RH(2. 152) 
UA > E(2» IS2) 
P4A « P(2» IS2) 
CALL 5HUKEQ(t. 1» 
x(2» isi) ■ ms» 
P(2»   151)   r   P4B 
lJ(2»   ISI)   ■   d4B 
HH(2»   ISI)   m   »H4B 
t(?.   ISI)   ■   E4B 
C(2»   ISI)   a 
0(2»   151)   « 
IS1MI   »   151 

MACH   NU   FOR   (HE   REFLECTED   SHOCK 
SECOND   SHOCK   ■•♦»   E15.Ö) 
IX»   14*   3X»   6(E15.8»   2X)» 

14»   3X«   6(E15.8»   2X)» 

.".   EIS.ft.   /. 

12) 
»   REFLSHK") 

3) 
IS?) 

UD   10   K I 

C4B 
0(2» 
-   1 

IS1M1 

IS?) 
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10 

lb 

■sl 

mi»  K) 
P(2*  isn 

*   RM(2»    IS1) 
in» isn 
0(2* isn 
0(2»  isn 

isi - i 
ISD/XlblMl 
0. 
?.    ISIM1 
ij{2» K-n ♦ 
isnis2 

X(2*    K)    « 
P(2.   K)   a 
HH(2.    K) 
E(2»   K)   ■ 
C(2*   K)   ■ 
0(2*   K)   ■ 
CÜNTINUF 
XIS1M1   . 
UU   »   U(2, 
u(2. n « 
U0   l^   K   ■ 
U(2.   K)    ■   IJ(2»    K-l)    ♦   ^U 
UQ   21   J 
HHINT   ä0 3»I»J**(2*J)*Ut?»J)>C(2*J)*P(2*J)»RH(2*J)*E(?*J) 
HkTUHN 
ENÜ 

SUUHCIUlINE   SHFPTCL»    11»    12.   13»   14»   15»    16»   UU) 
COMMUN/GAIN/   U(2.1000 ) »X(2.10ÜÜ)»U( 2»1000)»C(2»1000).KM( ?,1 

1U00). t(?»10UÜ)»P(?'10Ü0) 
CüMMUN   /SHK4A   /   U4 A » C 4 * . RH4 A »£4 A » PM » X4 A » 0« A 
CüMMÜN   /    SHK4b   /    U4H » C'♦R »HH4H»E48 » P4H » X48 » Q4H »UUU 
CllMMDN/.SHKI/   tH 
CuMMON/TIMUU/    OF»    UUl.    UU2»    I»    XMU 
COMMUN/GNPSHtt/    XB 
COMMON   /    Hlfk   /    THEF»T 

C ÖOÜ   FORMATC 
C X4H   «". 
C I     E15.8) 
C rtol   FORMAT«" 
C d02   füRMATC 
C 1      ''   RH4h 
L «05   f'ORMATC 

XH ■•♦» tlS.8» " U8 ■''» £15.Ö» •• CB ■n» tlS.ö. 

CALCULATION Up ITERATION IN SHOCK FRONT POINT") 
Pan •". EIS.H» " U4Ö «n» E15.8» " E4b «••• En.h, 
«••» E15.8» " C4B •••» E15.8» •• X4d ■••» EIS.8) 
SHUCK UUES NUT EXISTI INITIATE SHOK") 

C   MÜ 

9 0 0 
lüoU 

MS   bElNÜ   CHANGED.   MS   ■''» 
.4X»"SHUCK   Vt-LOCITV   FOR 

12) 
THE 

. 4X."SHOCK VELOCITY FUR THE 

LEFT SHOCK UUl «".iLl 

RIGHT SHOCK UU2 s". 

KOHMATC 
FuRMATC IH 
15,«) 
FORMATUH 
1E15.8) 

FOKMAK IH   .    6( U»2X)) 
FORMAT   (IH   .   6(El,i.8)J 

FdHMATOH   •    12»    IX»    14»   3X»   6(E15.8»   2X)»    12» 
FuRMATC     SHUCK   FRONT   ^OlNT  NOT   CONVERGING,♦•) 
UINP(   V?»   ÜVl»   ÜV2»   OY)   «   V2   ♦   (DV2*OXU*2*OVl*()X?**2)*   OY 

1/   ( UXI*DX2*(DX1   ♦   0X2>)   ♦   (-DV1*0X?   ♦   DV2*Uxn*(      DY 
2   )**2/(llXl*nX2        *(OXl   ♦   0X2)) 

MS   ■   I»   RIUHT   RUNNING   SHOCKI   MS   ■   2»   LEFT   RUNNING   SHflCX. 
IF   (   UU   ,(JE.   0, )   MS   •   I 

2Xi SF- ) 
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c 
c 
c 
{. 
c 
c 
i; 

c 
c. 

r i 

IF(UU .LT. 
IF(L .Co. 
IF(T ,GT. 
If(UU .LE. 
HS ■ ^ 
SIGN ■ «l. 
Gil TO 50 
CONTINUE 
MK ■ MS 
Ms « 2 
1F(U(1. 13 
1F(U(1» 13 
TQL ■ 0,00 
TuLl ■ 1,E 
NIT « 20 

NTT» 
LP « Ü.01 
ICHCK ■ I 
K « I 

ÜtFlNf P 
CUNTINUE 
IF(MS .FO. 
1F(MS ♦FÖ. 
IF(MS .FQ. 
X2 * X(1. 

0*  ) MS • <i 
2) GO TO 3 
THEF .AND. L 
0.) GO TO 3 

EQi 1) GO TO 3 

) .LT. UlJ) 
) .GT. UU) 
05 
-10 

*0 

WOPERTIES. 

Mi 
MS» 

1 
2 

uc 1 * 

C(l. 
til» 
PH. 

« HHC I 
0(1* 
X(l 
U(l 
C(l 
Ed 

■ KM 
Pd 
0(1 
X(l 
U( i 
C(l 
L(l 

■ RH 

U2 = 
C2 « 
t?   « 
P2 « 
KH2 
02 » 
0X1 
Dm 
DCl 
OEl 
ÜRH1 
DPI 
UQl 
Ux2 
0U2 
0C2 
ÜE2 
ÜRH2 ■ 
ÜP2 ■ P(l 
002 • 0(1 
G(J TO « 
CONTINUE 
X2 •   X(l» 
02 ■ U(l# 
C2 « C(i. 

1) 
?) 
?) 

I?) 
I?) 
I?) 
I?) 
I?) 
* 12 
I?) 
T2) 
12) 
I?) 
12) 

1* 1 
12) 
12) 
13) 
13) 

13) 
I*) 

1* I 
13) 
13) 

SIGN i 
SIGN i 
GO TO 

) 

2) 

X(l. 
U(l* 
C(l* 
EC 1* 
- HHC 

-PCI» 
- UCl» 
- XC1» 
- UC I» 
cci* 

- ECl. 

it) 
in 
in 
in 
i» 
in 
in 
i2) 
i2) 

U) 
12) 

in 

3) RHC i» 
-PCI» i2) 
- fid* i?) 

12) 

15» 
15) 
15) 
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c 
c 
c 
c. 
(. 
c 

10 

?0 
77 

?3 

?9 

?4 

t2 

KH2 
U2 ■ 
DX1 
OUl 
ÜC1 
UEl 
URH1 
DPI 

001 
DX2 
DU2 
ÜC2 
DE2 
U«H2 
UP2 
Ü02 

CÜ 
CQNT 
X4B 
UB ■ 
Co ■ 
XB • 

CO 
CQNT 

UXB 
XBP 
ÜB « 

CB ■ 
IF( 
XB ■ 
PRIN 
Ü0 T 
CQNT 
IF(M 
IF(X 
GO T 
IF(X 
CONT 
PRIN 
U4B 
CONT 
IFCM 
CALL 
üO T 
CALL 
IMBl 
1F(M 
CALL 

£(1* 
P(l» 

■ RH(i 
U(l* 
X(l 
U(l 
C(l 
Ed 
RH 

P(l 
0(1 
X(l 
U(l 
C(l 
Ed 
RH 
Pd 
ä( i 

MPUTE 
INUE 
• Xdi 
U2 
C2 
X2 

MPUTE 
INÜE 
■ XB - 
* X4B 
UlNP( 
QlNP( 

AtiS((X 
(XB ♦ 

T BOO» 
0 9 
INUE 
S .FQ. 
B .GE. 
0 22 
B .LE. 
INUE 
T 801 
■ U? 
INUE 
S *E0. 
GNPSH 

0 31 
QNPSH 
■ U4B 

S .FO* 
GNPSH 

15) 
15) 
• 15) 
15) 
15) " 
15) - 
15) " 
15) - 

1* 15) 
15) - 
15) - 
16) - 
I*) - 
16) - 
16) - 

1*16) 

X(l# 
Ud> 
Cd. 
Ed* 
- RM( 
Pd. 
0(1» 
Xd. 
Ud. 
Cd. 
Ed. 

- RHd 
16) 
16) 

X«i 

- Pd. 
- Odd*) 

U) 

5) 

13) ♦ UÜ*OT 

XH BY ITERATION. 

X2 
- (UB ♦ SIGN*CB)*DT 
U?. OUl* DU2» DXB) 
C?. 0C1. 002» 0X8) 
8P - AB)/XBP) .LT, TOD GO TO 10 
XÖP)/2. 
XB. ÜB* OB* X4B 

?) GÜ TO 20 
Xd. 13)) G^ TO 30 

Xd. 13)) QU TO 30 

1) GO TO 29 
8 (L. I4»I5.U.X4B.MS ) 

B(L. II* 12* 13* X4B* HS) 

1) GU TO 25 
A(L* II. 12. 13* X4B) 
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?5 
?6 

i'ftS 

C 
( 
( 
( 
f 
(. 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 

aO 

15* 
1) 
0) 

16* X4B) 

60 TO 265 

Ü0 TO 26 
CALL ÜNPSHACU» 14» 
CALL SHOKEQ(t» MS* 
lKCK-(K/2)*2) .EU* 
UUUAaUUU 
U46AaU4B 
(*Q TO 26« 
UUUBaUUU 
U4BB«U4R 
IFCK .LT.IO) (JO TO 269 
lF(ABS(UUUA-UUUb) ILT.

ü
*IE"07) 

BM»(U4BA-U4HB) / (UUUA"UUU8) 
U«H"U4ÖH* 0,5*(UUUA«UUÜR)*BM 
IF( AÖS(U4Ö1) *LT. TOL1) GO TO 
lf( AbS((U«Bl - U4B)/U<*81) «LT« 
CONTINUE 
IF(K «GE. NIT) GO TO 7* 
U«B > (uaBl ♦ U4B)/2* 
K ■ K ♦ 1 
HRINT 602» 

GO TO 269 

27 
TOL) GO TO 60 

P<4B* UaB* E^B* RH4b* C4B* X4B 

50 
MS 
MS 
s 1* 

-1 

GO TO 23 
PRINT 1000 
1*0 TO 50 
C0N1INUE 
PHINT 605 
IFCL .EO. 2) GO TO 
IF C T ,LT, TREF ) 
IF I T .GE. TREF ) 
IF(MS .EO. 1) SIGN 
IF(MS .EQ. ?) SIGN 
GO TO 50 
1F(L .EO. 2) GO Tü 50 

SMOCK DUES NOT tXIST« 
1FCICHCK .EO. 2) GO TO 50 
IFCMS .EO. 1) IS « 13 
IF(MS .EQ. ?) IS • 14 
CONTINUE 
ICHCK « 2 
P«A a P(l, 
Ü4A « U(1. 
L4A ■ E(l. 
HH4A « RM{ I, 

IS) 
IS) 
lb) 

IS) 

SO 

CaA « C(1* IS) 
U4A « 0(1* IS) 
IF(MK .EO. 1) MS ■ 
IF ( MK ,E0. 2) HS 
PRINT Ö1Ü. Mb 
CALL SHOKlNCL* MS. 
UQ TO 5 
CONTINUE 

1. iS) 
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40 

S5 

S« 

ftO 

ft? 

ro 

i   f 

IF(L 
UUl " 
Ü0 TO 
ÜU2 > 
X4B « 
IF I 
IF   I 
CALL 

üü   TQ 
CtlNTI 
CALL 
CONTI 
Haw « 
UaB a 
La« « 
NH4Ü 
C«8 > 
U4B • 
tONH 

IF(L 
X(2» 
U(2» 
H(2# 
E{2» 
HH(2. 
t ( 2 
U(2. 
X(2» 
g(2» 
P(2. 
E{2. 
HH(2. 
C(2. 
U{2. 
üO TU 
CUNTI 
X(2» 
0(2* 
P(2» 
£(2. 
HH(2» 
C(2* 
U(2. 
X(2* 
0(2* 
P(2* 
L(2* 
HH(2. 
C(2. 

«TQ. 
U{ 1, 
48 
U(l» 
X( 1* 

L.EO* 
MS ,E 
ÜNPSH 
58 

NUt 
(»NPSH 
NUg 
P4A 
U4A 
E4A 

« f<H4 
C4A 
U4A 

NUE 
« (K 

• EQ. 

13) » 
13) ■ 
13) « 
13) ■ 
13) 

»13) 
13) ■ 
14) « 
14) a 
14) s 
14) a 

U) 
14) > 
14) » 

Nur 
13) 
13) 
13) 
13) 
13) 

13) 
13) 
14) 
14) 
14) 
14) 
U) 

14) 

2) üÜ TU <»7 
13)* SIGN*C( 1*13) 

13)* SI(»N*C(1» 13) 
13) ♦ (U(l, 13) ♦ Sl(iN«C(l* I3))*0T 
?) GU TO 55 

Q. I) GO TO ^5 
ML. II* I?. 13* X4B) 

A(L* 14* 15* 16« X4B) 

4H - 
1 .A 
X4ti 
Q4ti 

P4ri 
E4B 

■ HH 
• C4 
U4B 
X4B 
04A 
P4A 
E4A 

> HH 
C4A 
U4A 

H4A)/Pa* 
NU. MS .»-(J, 2) GO TO 70 

4b 
B 

4A 

X4b 
U4A 
P4A 
E4A 

■ HH4A 
C4A 
U4A 
X4ti 
04A 
P«B 
E4Ö 

« ttH(|b 
C4B 
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0(2* 14) m    U4b 
75 CUNTINUE 

IF I AHSIEP) .GT, 0. ) GflTO 79 
ircMs .EO. 2) GO TO 78 
XC2» 13) ■ *C2» 14) 
ä(2» 13) ■ Q(2* 14) 
P12» 13) ■ P(2» 14) 
tC2» 13) ■ E(2. 14) 
KHC2, 13) ■ RH(2» 14) 
C(2» 13) ■ C(2» 14) 
U(2. 13) ■ U(2. 14) 

GÜ TQ f* 
7b    CONTINUE 

X(2» 14) « X(2. 13) 
0(2» 14) « Q(2» 13) 
P(2» 14) « P(2» 13) 
L(2» 14) ■ E(2» 13) 
HH(2. 14) ■ HH(?» 13) 
C(2» 14) « C(2» 13) 
U(2» 14) « U(2» 13) 

N   CONTINUE 
IF ( L .EQ. 1 ) ÜÜ TO dO 
Ü0 TO «0 

ÖÜ   CQNllNUE 
gü CUNTINUE 

IF ( L  .EQ. I ) UU « ^Ul 
IF ( L .EU. 2 ) UU « UU? 
«ETURN 
END 

SUÖKOUTINE SMUKIN (L.M^.MO.IS) n      n   „ u,^ . 
COMMON/GAIN/ Q(2.10OO)'X(2.lO0O).U(2»l000).C(2»l0O0)»KHC?.l 
1000)»    E(?»1000)»P(2MOOO) 
CUMHUN/NOCON/ ISl» IS?» IS3. IS4. INTI. INT2» IMAX 
CUMMON / SHK4ri / U4B.C4B,KH48.E4B .P4B»X4B»048    »UUU 
CUMMÜN /SHK4A / U4A.04*»RH4A.E4A .P4A.X«A»04* 
COMMON/TIMUU/ OT. UUl. UU2» I» XMU 
COMMÜN/SHK!/ EP 

c    is  -  POSITION TO INITIATE SHOCK 
C      MS * l   -  HIGHT SHQ^K»   MS « 2   "  i-EFl SHOCK 
C       MQ « "   -  GIVEN P2,   MO « 2   -  blVEN U2 
1000 KQRMATdH .I2»IX,I4,3X»6(E15.8.2X).I2»2X."INSKW) 
UHll FuRMAT("  INITIATED SHUCK SPEED UU2 ■"» E15.8) 
100^ FoHMATC  INITIATED SHUCK SPEED UUl •". EIS.8) 

TnLSK " l.E-06 
TnLSK»ü.0ü01 
IF ( MS .EQ. 1) SIGN « 1* 
IF ( MS .EQ.  2 ) SIGN « -1. 
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151 < 
152 ' 
U4A > 
UA > 
HH4A 
EMA . 
P4A i 
ti4A   < 

1Ü 
ll 

IS 
IS ♦ 
U(l» 
C( 1* 

• RHC 
E(l. 
Pd, 
Q(l. 

?0 

IF C AÜS(E 
P4B * P4A 
CALL SMOKE 
ÜQ TO ö 
CONTINUE 
Uul » U( 1» 
CALL SHUKE 
CONTINUE 
IFCMS IEÜI 

UCWISI) 
pcwisn 
RH (1*IS1 
E(1*IS1) 
cd.isn 
adfisn 
X(1*IS1) 
U(1*IS2) 
pd.is?) 
KHdilS?) 
E(1»IS2) 
C( UIS2) 
udds?) 
Xd»IS2) 
Ü0 TO 20 
CONTINUE 
ud'isn 
Pddsn 
HHCUISl) 
td»isi) 
C( IdSl) 
Q(l*Ibl) 
xd.isi) 
Ud«IS2) 
Pd»IS2) 
HHd.IS?) 
Ed*IS2) 
Cd*IS2) 
Qd»lS2) 
Xd»lS2) 
CONTINUE 
ir(L   *E0. 
ÜÜ   TO   2? 

1 
IS) 
IS) 

I» I 
IS) 
IS) 
IS) 

P) . 
*   EP 
Q   (L 

S) 

LT.   TOLSK   )   GO   TO   7 
♦   PAA 

»MS»    1) 

IS)   ♦   SIGN   ♦ 
Q   (   L»MS»    3) 

1)   GU   TO   10 
U4A 
P4A 
«   RH4A 
E4A 
C*A 
04A 
XlUIS) 
U4ti 
P4b 

*   HH4d 
E*ö 
C4Ö 
odds) 
xd*is) 

U4B 
P4Ö 

■   HM4B 
F«B 
C4B 
OddS) 
XddS) 
UMA 
P4A 

m   HH4A 
E4A 
C4A 
Od.lS) 
XddS) 

1)   GO   TO   21 

CddS) 
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^1 
7i 

CONTINUE 
CuNTlNUf 
KETUHN 

END 

SM)0 

906 
lOiiü 

buORO 
COMMÜ 
COMMO 
tOMMÜ 
CQMMO 
FuKMA 
F(jHMA 
MS « 
MS * 
Mg 

Hd « 
HHlNT 
FllMMA 

FUHM 
FQRMA 

PRINT 
Ul 3   KlHMA 

XS   * 
IF   ( 
IQL    a 
TOLI« 
MIT«1 
K»l 
U1«U4 
Ci»ca 
uu  • 
MHl«H 

PlaP4 
UO TU 

5 CDNTI 
HRINT 
FQRMA 

"C2 

P?»P4 
P?P » 

IF((P 
02 » 
KH2«( 

CONTI 
IF ( 
U2P ■ 

UTINE SHOKtQ (L.MÜ.Mfl) 
N /SHKIA / U4A*C4A,RH4AfE4A*P4A*X4A*ä4A 
N / SHK^Ö / lMB.C<*fl»RH4B»E4B»P«B.X4B»Q4B»UUU 

N/TIMUU/ OT. UUU UU2» I» XMU 
N/SHKI/ EP 

L«' 
*  6( E15.«)) 

»•• ROUTINE S^tlKEO 
-  KlbHT SHO^K 
-  LEFT SHO^K 

GIVEN P2I  MW ■ ?. GIVEN IJ2> 

MS«".12f"   MQ=".m 

MO J» GIVEN UU. 
GIVEN P2» MQ •? GIVEN U? 

vni 

lü 

T (1H 
T( 1H 

1 

« I» 
1 
SMO 

T (1H »   "  U2P   UUP   E2P     RH2P    C2P      P?' 
AT (IH » M *** WARNING •***  RH2 IS LESS THAN RMl" ) 
T (IM ."SHUCKEO NUT CONVERGING") 
901»L»MS.Mä 
TUX^RMl« ',.E15.ö,6X»,'UU« " # E 15.8.6X »"Ul« ".EIS.H) 
I. 
MS .EQ. 2) XS « -*• 
OtOOOS 

l.E-20 
UU 

A 
A 
tl • XS ♦ Ul 
M4A 
A 
A 
(S. ?*>» 40). MQ 

NUE 
903 
T(1M .6X.''U2P"»12A,"uuPw»l2X»,,E2P"»l2x»wKH2Pn.llX. 

P^.^X. 
) 
d 
P4B 

2 - PI) tLt. 0«) P? « PI ♦ 0.001 
Ul ♦ CP2-PU/CRH1*(UU-UU) 
P2/P1)**1.4*HHI 
NUE 
ARS(U2-U1) .LT. TULI) GO TU 15 
(P2-PI)*(KH2-RH1>/(RHl*MM2*(U2-Ul))*Ul 

ino 

■■i««*vi;,ä.fc*as-^S ■■*s*S»iUifes^ ,»ä«I«IöW»»äA« 



12 
15 

16 
?0 

^02 

2ü5 

2(i6 
i»08 

?5 

?6 

a0 

41 

UUP«( 
ir((R 
E.2P ■ 
HH2P« 
C2P«E 
IF I 
IF (A 
IF I 
IF(( 
RHXA 
KHYA 
GU T 
HHXb 
RHYB 
IF ( 
IF ( 
BOb« 
HH?« 
ÜÜ T 
HH2« 
K»K* 
U2«0 

PRINT 
Ü0 TO 
HRlNT 
üü TO 
CUNTI 
U2 s 
U2P « 
HH2 « 
tüNTI 
IF ( 
UUP • 
P2P ■ 
t?P ■ 

C2P ■ 
IF 

K ■ K 
KH2 • 
PRINT 
IF ( 
GU TO 
PRINT 
GO TO 
CfjNTI 
UUP « 
KH2 « 
IFC A 
U2P « 

P2-P1 
H2-RH 
El ♦ 

LttSTR 
USTCU 
ABS ( 
bS(( 
K .GE 
K-(K 

■ RH? 
• RH2P 
U J'O'i 
»Rh2 
«RH?P 
* .LT 
ABS(H 
(RHX 
(RHX 

U 208 
Ü.S*( 
1 
.5*(U 
W0Ü» 
10 
lOOU 
30 

NUE 
U4B 
U4H 
RH1 

NUE 
ABS ( 
(RH2 
Pi > 
El ♦ 

■ FOS 
E.OST 

( AbS 
♦ 1 
CRH2 
900» 

K .QE 
26 
1000 
30 

NUE 
UU1 
PHI 

bS(EP 
(HH2 

)/(KHl«lU?P-^l))*Ul 
D.LE.O.OCAl-L EXIT 
(PUP2)*CRH<i-RHl)/C2«0*RHl*RM2) 

Q(t»E2P»P?) 
(L»E2P»RH2P.P2) 
(U2P " U2 ) ^ U2P) -TUL ) 16* 16» 20 
RH2P - RH2 )/RH2P) - TOL ) 30.30»20 
. NIT ) GO T^J 35 
/?)*2) .EO. V)   GO TO 202 

,12) GO TO ?^ft 
HYB-HMYA).LT« 0.1E-Ü6) 
fl - RHXAj/tR'-'YB-RHYA) 
A-bUfl»RMYA)/lU -BOb) 

RM2 ♦ HH2P) 

2 + U2P) 
U?P»UUP.E2P(

rtH2P»C?P#P2P 

GO TU ?0ö 

l.l 

RH2 -KHl) ,Ll . TOLD GO TO 27 
♦U2 - RHl*Ul)/(RH2-RHl) 
RMl*lUUP - Ui)*(U2-Un 
(PU P2P) • (RH2-RHl)/l2.*KHl*RH2) 

TWO (L.EPP.P^P) 
CO (L»E2P»RH^P»P2P) 
((KH2P -RH2)/RH2P) .LT. TOL) GO TO 30 

P ♦ RMi?)/2. 
U?P.UUP.E?P,^H2P»C?P»P?P 
. NIT) GO TO 29 

*?.0 
) .LT. 
*ubP - 

0.001) RH? 
HH1*(ÜUP - 

• RH1 
U1))/KH2 
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h'2P   ■ 
E?P   ■ 
HH2K 
C2P   » 

IF 

10 

1^9 

Pi   ♦   HWl-lUUP   -   ^l)*(U?P   -   Ul) 
El   ♦   (PI*   P2P)   •   (RH2-RHn/(2.*HHl*HH2) 

• FQSTRU (LiE2P»P«iP) 
EüSTCo (L#E2P.«H2p.P2P) 

C *8S((«H2P -RH?)''RH2P) .LT, TOD GO TO 30 

K ■ K+l 
PRINT 900.U?P#UUP.E2P.*H2P.C?P»P2P 
IF ( K .GE. NIT) GO TU 39 
KH? ■ (RH2P ♦ RM2)/?. 
GU TU «1 
PKINT 1000 
CüNTlNÜf 
Ultö«U2H 
C4rt»C2P 
«H4M"KH?H 
faB»E2H 
H4B « P?P 
Fl)HMAT(" 
IF ( L ,EQ. 
IF ( L .EU. 
ÜUU » UUP 
HHINT 900. 
KETUKN 

END 
bUBHOuTlNt 

UUP«' 
1) UUl 
2) UU2 

.El^.S) 
>   UÜP 
•   U^P 

UHÖ.UUP»EaH»RH4B»C4H»PaB 

SwnCH(II.IAOn»IMAT.lSKOS) 
AlN/t(?»lOO0).*(2.l0OO).U(2.lO0O)»C(?.lOOO).«H(^ 

100)»        r(2.1000).P(2.WOO) 
tflMMUN/li/ 

CnHMnN/Nl)CnN/ISl.lS?.IS3»lSA.INTl.INT2»MXNPT 

IF(iAUO.LT.O)   GU   TO   1 
iSlüN«! 
N>0 
UU   TO   2 

IS1GN«-1 
N«MXNPT-II 

CONTINUE 
iLAbT»M)(NPT*lADÜ-N-l 
Ü0   3   J«II.MXNPT 
lACH»MXNPT*lAÜ0*ni-J)*ISI6N-N 
10U«MXNPT*(Il-J)*ISIGN"N 
X(1.IACH)*X(1.IUU) 
ü(l.IACH)«U( 1.IÜU) 
t(l»IACH)«C    (l.IOU) 
P( 1»IACH)«P(1»I01J) 
HH(l»I^CH)«RH(l.IUU) 
t{l.lACH)«E(l»lUU) 
0(l.lACH)«Q(l»rOU) 

CONTINUE 
MXNPT-MXNPT+IAOÜ 

RETUHN 
END 
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